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rERI-URETH RAL ABLATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This applica1ion is a continuation-in-pan of ~pplicatioo 
Sec No. 09/021,802, fi!t:d on Feb. 11, 1998. now U.S. P:\r. 
No. 6,440.127. entitled •·METHOD AND SYSTEM FOR 
PERf.ORM IN O JNTRA-URETIIRAL RADIO­
FREQUENCY URETILRAL ENLARGEMl?.NT". :rnd 3 

continuation-in-pan of applicalion Ser. No. 09/113,683. filed 
on Jul. .10, 1998. now U.S. Pal. No. 6,447,505, entitled 
··BALLOON CATHETER roR INTRA-URETHRAL 
RADIO-FllEQUENCY URETI-UlAL ENLARGEMENT", 
and a coaliouatioa-io-part of applic,llioo St<r. No. 09/287, 
589, filed oo Apr. 6, 1999, now abandoned, entitled "THER­
MAL URETHRAL ABLAllON."' 

FIELD OF TIIE INVENTION 

This invention relates generally 10 advances io medical 
systems and procedures for prolonging or improving bu man 
life. More particularly, this invention relates to an improved 
method and system for alleviating urinary obstruction 
caused by enlargement of tbe prosta11;: by performing ther­
mal ablation for urethral enlargement 

BACKGROUND OF THE TNVENTlON 

A majority of all males over 60 years old experience 
partial o r complete urinary obstruction because of enlarge­
men1 of the prostate. This cooditioo usuaUy originates from 
benign proslatic hyperplasia (BPI-I), wbicb is aa increase in 
cell mass ooar tbe urethra, or less likely. from prostate 
cancer. Botb U1est: condilioas involve nn increase in pros­
latic tissue mass. which ·in its incruased slate uncronches on 
the urethra and obstructs tbe urinary pathway. 

In lbe case Where urinary obstruction is caused by BPII, 
a common tn.:atmcnt involves a medical procedure using a 
medical side-cutting jnstruu1eot and/or endoscope to surb>i­
cally enlarge a pas,s;ageway for urine flow through the 
pros1a1e. The side-cutting instrument or an endoscope is 
passed through the 11eois into lho urethra and is surgically 
used to remove prostate tissue and part of the urethra a l the 
point of obstruct ioo. This procedure is referred lo as "Traos­
urethral Resection of the Prostate" (or ·-TlfRP'"). 

This procudure. altl1ough ell:cctiv.::, is invasive and com­
plicated. For example, it requires the use of anestbesia and 
sub:>1:1.ntial hospital care, I I also has the risk of causing 
bleeding. Moreover, it is expensive and causes great dis­
comfort and trauma to the patfont. For example, clrnptcr 18, 
entitled "'Complications of Transurethral Resection of the 
Prostate," by R. Suoshiao and M. Droller, of a bookontitlcd 
Urologic Complications, Medicnl and Surgical, Adult nnd 
Pediatric, edited by Fray S. Marshall (Yearbook Medical 
Publishers, 1986), elaborates oo the various complications 
of the TURP procedure. 

In the case where urinary obstruction results from pros­
tatic cancer, surgical proslatectomies are commonly used to 
eliminate the obstruction. However, surgical proslatectomies 
have serious side effects and risks, including impotence and 
urioary incootioeacc. 

In recent years, less inv~sive systems and proct:dures that 
inflict less trauma on patients baw been attempted. One sucb 
procedure, called ·"frans-uretbral Needle Ablatioo" (or 
TUNA), involves passing a radio-frequency (RF) instrument 
such as a catheter. cannula, sheath, or scope into tbe urethra. 
The RF instmment houses specia l RF electrode tips that 

2 
emerge Crom tbe side oftbe instrument. The lips are pushed 
out or the instrument along olI-axis paths to pierce the 
urethral wall and pass into the proslatic tissue outside of the 
urethra. As a result or the various electrodes emerging f'rorn 

5 the s ide of tbe ioslrumont, sucb radio-frequency inslru01001s 
arc frequently complex and cx1>cnsivc. 

By healing tbe prostate wilb lU~ power applied through 
the electrode lips emerging from the sid<., of the radio­
frcquuacy (Rfl) instrument, tbe prostnte tissue surrounding 

10 th~ urethra i~ ablated. Specifically, heat abla.tion is per­
formed at multiple locations outside the urethra lo provide a 
series of ablatjons. thcr..,by causing the prostate tissue out­
side the urelbra to die and necrosc. Subsequent 10 heating, 
tbc necrotic tis.sue is absorbed by tlic body or excruted, 

15 thereby reducing the tissue mas~ outside the urethra, wbicb 
consequently reduces the urethral obstruction. 

f.or further explanation of this system and procedure, oae 
can consuh a research paper published by Goldwasser et al.. 
enlitled "Transurethral Needle Ablation (TUNA) of the 

20 Prostate Using Low-Level Radio-Frequeocy Eoergy: an 
Animal E:-.1>erimen1al Study"; Eur. Uro/., vol. 24, pp. 
400-405 (1993): :iad a research paper published by 
Scbulmao, cl al., entitled ··Trnosurotbral Needle Ablatfoa 
(TUNA); Safuty. Feasibility, and l blc.:rnaa: of a New Office 

35 Procedure for Treatment of Bunign Prostate Hype.rplasma;·• 
Eur. Um/., vol. 24. pp. 415-423 (1993). Also, produci 
literature oo lbe TUNA system available from a cornpaay 
named Vitamed, Im;., or Menlo Pru-k, Calif.. carries some 
description of the procedure. 

:-o The TUNA svstcm ancl procedure is generally used LO 

relieve urethral-obstruction caused by BPI-I. It favors a 
transurethral approach bec~use the target tissue to be ablated 
is generally near 10 it. However, again, although tbe TUNA 
system and procedure is effective, il requin::s epidural or 

_15 general anesthetic, and generally causes the patient great 
discomfort and pain. Moreover, the TUNA procedure is 
medically aod technically very complex for surgeoos to 
perform, rcqu iriog a cornplicntecl aod expensive catheter or 
sheath or RF elcc1rod0 syscem to perform ii. Also, it is a 

40 relatively blind procedure in the sense !hat the ends of the 
Rl7 electrodes emerging at the side of the radio-frequency 
electrode system, once tbey penetrate the target tissu.u, 
cannot be seen. Nor is there any 1ecb11iquc for providing a 
visual representation of them. Furthermore, the 11JNA sys-

45 tern and procedure attempts to leave the urethra intact and 
uninjured by the application of Rf. heating, which is dillicull 
to achieve, making its outcome uoct.:rtafo. The TUNA sys­
tem and procedure causes scratching of the urethra, bleeding 
or irritatioo from a cystoscope, canoula. catheter, or tissue-

so piercing electrode tips pas.'ied into the urethra. Furthermore, 
the TUN/\ procedure produces trapped coagulated and 
necrotic tissuo or flu id io tbe iotorstilial region of tbe proslato 
outside tbc urethra. Tb.is can result ia swelling aad increased 
pressure of tissue outside tbo prostate as th.e necrotic ti.s.5ue 

,s is absorbed by tbe body. Such pressure c:1a compress the 
ureLbra to t"urtber eahauce its obs1ructioo. 

Another system and procedure contemplated by Onik cl 
al. i~ described in their research paper entitled ''A Transrcc1al 
Ultrasound-Gu ided Percula.neous Radical CryosUig.ical 

6TJ Abfalion of 1he Prosiatc;• Cnncer. vol. 72, pp. 1291-1299 
(J 993). 111js technique is util ized for the treatment of 
prostate cancer aod involves disposing cryogenic (freeci.ng) 
probes in the prostate for ablatiog the cancer cells. Onik et 
al. propose passing a cryogenil: probu rra.nsperinenUy 

65 (through the perineum) into the prostate . At the same lime, 
an imaging ultrasonic probe is pas.-sed through lhe rectum 
and is 11scd to visualize the position of the cryogenic probe 
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and the volume of cryogeaic ablalioo in the prostate. This 
lecboique requires use of t-ryog,mic probes (also referred lo 

4 
Volume," A cad. Radio/., vol. 2; pp. 399-404 ( 1995), 
describes techniques aad coasideralions relating to tissue 
ablation with rndio-frequcncy energy. 

In addition, a paper by S. N. Goldberg, el al., enlil led 
as cryo-probes) having re-latively large diameters. The cryo­
probcs are complex in construcliM and opernlion and 
require clabora1e cooling and lbawing cycles. making lbe 
procedure typically quite complicated and expensive. It is 
lechoica Uy cba.l.leaging and critical to maintain precise tem­
peratures at tho target 1jssue area to prevenl hemocrb.aging 
wbea removing the probe and also to prevent freezing 
sensitive rectal mucosa tissue. 

s UHcpatic Mclaslascs; Percutanc011s Radio-Frequency Abh1-
1ioo with Cooled-Tip Electrodes," Radiology, vol. 205, no.2, 
pp. 367-373 (1997), describes various tecb.niqu.is aad con­
siderations relating 10 tissue ablation with radio-frequency 
electrodes having cooled electrode tips. Cooled ablation 

One more recent procedure contemplated and reported by 
McGahan, et al., in their research paper entitled ·•Percuta­
nco~ Ultrn~und-Guided Radio-frequency Elcctrocautery 
Ahlalion of Prost~te T~e in Dogs," Acad. Radio/., pp. 

10 electrodes wi ll 111aintnin !issue near U1e electrode at lowered 
tempcrnturcs which are below 1tblatioa temperatures. Cool­
ing of the urethra by a catheter is suggested by McGahan ct 
nl., cited above, lo prevent RP heat damage to the urethra 
and periurethral tissue. 

Generally, r.:oolcd radio-frequency electrodes having an 
elonga1ecl sbafl or ca1he1er structure b.ave cooling channels 
\vilhin lhe electrode structure. These cooling cbannel.s, for 
eirnmple, may comprL<.e a lirs1 channel to carry cooled lloid 
from an exlcrnal source, which is connected to the electrode 

61 ~4 (1994), involves placing ;in RF electrode transrectally 15 
into the prostate of a dog under rectal ullrasouncl gu.idance. 
Their intent was solely to ex-plore tbe feasibility of ablating 
caaccrous tumors within the peripheral region or the pros­
tate. Their research treated only normal animals and no 
ablation ol' cancer tissue was actually performed. McGahan 2o al its pro11.;m;1l end, The coolant lluid is carried through the 

fir.,I channel lo provide cooling lo the electrode encl, which 
is typically near tho distal cad of the clc<.:trodc structurn. Tbe 
electrode structure typically also comprises a secood cban­
ael within the electrode structure tbat is coanoclcd near tbe 

ct al. hoped lo prevent RF heal abla tion of the urethra(which 
is located cenlra.l.ly in tbc prostate). To achieve their 
objective, they suggested tbat tbc metbrn sbould be irrigated 
witb saline solution, using u catheter, lo prewnt Rf beat 
damage Lo lbe urethra and pcriurethral tissue. Tbey con­
cluded that their system and procedure was impractical for 
ablating prostate cancer cells, because the RF lesio□s were 
limiled to 1 to 15 cm in diameter, which they felt would be 
100 small 10 adequately treat malignant cancer cells. 

35 distal end to tb.e first channel and which is adapted to bring 
the cooling lluid l"rom tbe distal electrode region back to tbe 
source. Sucb recirculating channels for cooling fluid move 
the cooled fluid in one direction from the fluid source to the 
e lectrode aod then back to 1bc source, For a sclf-coot~ined) 

30 internally cooleJ, electrode structure, the cooling channels 
would be inside th~ structure and sealed from otbec channels 
that may exist within the catheter sucb as for urinary 
drainage or for in0a1ion o( a balloon tjp. Tbus cooled 
electrode structures add a complexity of s1ruc1urc compared 

Generally, prostate cancer primarily occurs i □ the periph­
eral (non-central) zone of lbe prostate. It is often multi-focal, 
near tbe recta l wall, aod near nerves controlling potency. 
Recognizing tbe n:straints and deljcatt: circums1ances, 
McGahan el al., were discouraged by the resulls of their 
resc,1rch, They concluded that their technique may he appli­
cable to only a smaU percentage of prostate carcinomas, 
specifically those tbat arc small a□d can be imaged by 
ultrasound. ln tbeir paper, they emphasi1:ed tbe-ir t.'Cl□cem for 
preventing Rl~ heal damage lO the reclal mucosa tissue. 
Thus, as a result of their efforts lo treat prostate cancer, 40 

which is preclomi.nantly located in the peripheral noo-ccn!ral 
part o[the prostate, lhcy focused th~ir research efforts on the 
pcriphersl. pcri-reclal reg.ions of the prostate, Their research 

35 lo noo-cooled electrode structmes. 

did not contemplate RP ablation in the central periurethral 
region 10 produce an ablation cavity near rhe urethra or to 45 
ablate tbe urethra itself. la fact. they explicilly sought to 
avoid injury o[ the urethra by 11voiding treatment of peri.-
11relhral tissues. Their met bod and object ives were directed 
to cancer and were found to be disadvantageous for lreal­
ment of RPH or for treating urethral or periurelhral tissues so 
by radio- rrequency (RP) ablation to relieve urinary obstruc• 
lion. 

II should be recognized lbal lbe theory behind and prac-

Use of cooled ablation devi.:es placed inside the urethra 
would have tbe objective of spariog I.be 11retbra from bcal 
damage during the time when heating of prosMic: !issue is 
occurring at a distance from tb.o uretb.ra. 

Traosuret bra.l microwave tbermolberapy (or ··TUMT") 
bas been used to Lreat BPH and illuslratcs the use o[ a cooled 
catheter which also del ivers heat en.ergy lo the prostate. A 
catheter which has a microwave probe inside it i~ inserted 
into Lhe urethra to lhe poinl of the prostate. The microwave 
probe is typically a microwave an tenna which is located 
ioside the catheter m:ar its distal e nd and is connected lo an 
ext..:rnal generator of microwave p0wcr outpuL In this way 
the prostate is beated by radiative eleclroma_goelic healing. 
Al lhe same lime tbe catbcler is cooled by circul~tion of a 
coolant fluid within the catheter. The objective is, as slated 
above, to cool tbe urelbra and lbereby pceve□t damage to it 
by tbc heating process wbicb is occurring io prostatic tis.,;ue 
1ba1 is outside of and at a clislam:!l from tbc ur!ltb.rn. Thus, the 
TUMT pmccdurn seeks to preserve the urelbra and lbe tice of RF beat lesioa has been known for decades. and a 

wide range of RP geaerators anti electrodes for accomplish­
ing sucb practice cxisl. For example, equipmeul for per­
forming heat lesions is nva.ilable from Rndio□ics, lac., 
located io Uurlington. Mass. Radio-frequency (RF) ablation 

;;5 prostate tissue immediately outside tJ1e 11rethra by cooling 
the catbelor with fluid coolant tbal is circulated wi1b.in the 

is well known and described in medical and cliniClll litera­
ture. To Lbal encl, a research paper by£. R. Cosman, cl al., 60 
entitled "Theoretical Aspects of Radio-frequency Lesions in 
the Dorsal Root Entry Zone." Neurosurgery, vol. 15: no. 6. 
pp. 945-950 (1984), describing various techniques associ­
ated with radio-frequency lesions, is incorporated btrein by 
reference. /\lso. a research paper by S. N. Goldberg, et al., 65 
eatilled ··Tissue /\blali.on with Radio-frequency: UO'ect of 
Probe Size, Gauge, Duration, and Tempera1·urc on Lesion 

catbt:ter. la TUM' I~ tbe microwave antenna is located inside 
tb~ catheter and not io conductive electrical contact with !he 
urelhra. The microwave hctlling in lhe TUMT procedure 
occurs in tJ1c prostatic tissue located a1 a distance away from 
tb~ urethra as a result of the simultancou.s cooling action of 
the channels within the catheter and the deposition of 
microwave power into the prostate tissue from lbc radiated 
energy from tbe anleann. Thus tbe prostatic tissue immedi­
ately around the urethra and the urethra iL5elf are deliber­
ately spared from receiving an ablative level of healing in 
the TUMT procedure. Further Cll.'"J)lanation of lhc TUMT 
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In ye! another emhodimeot of 1he invention, the thermal 
heating e)t:meot of a urelhral catheter comprises a flexible 
!hermal elemenl that can flex to conform to the t:urves of the 
uretbra fur i.nscrlioo. The thermal elomcol may comprise, for 

system aod procedure can be found in the paper by B lute, et 
al., enli!led "Transurelhral Microwave TberruaJ Therapy for 
lhe Managcmcnl of Benign Proslaticl-lyperplasia: Results of 
1bo United States Prostration Cooperative Snidy." .I. Uro/., 
vol. 150, pp. 1591- 1596 (1993). 

SUMMARY OF THE INVENTION 

5 example, a resistive beating elcmcot, an RF c0oductivc 
surface elcmcm, a co1JducLive segmelll of the catheter, or at1 
electrode or radiating element 1ba1 is curvabk and flexible 
for comfortable insertion into lbe urethra. 

Conventional techniques such as 1hose described above 
have 1101 been directed al creating ablation of urethra or the 
periurethral region ( lhe region surrounding the urethra or the JO 

cnlical prosta te region) lor lhe reasons discussed above. The 
present iovcotioo is based, iri part, oa tbc rcalizalioo tbat it 
would be desirable to have an effective lechnique to perform 
inlra-urolbral ,tblalioo of Ibo urelbra and poriurclbral I issue 
for the purposes of al.levialiog uriaary obstruction caused by 15 

enlargemcot of tbe prostate and that avoids !be limilatioos of 
the art (e.g., pierdng tbe ure.thru). 

t\n electricaJ coanee1ion is made from the healing elem..:nt 
to a power generator external to the patient 's body. Tb~ 
output from the generator is used LO heat aod tbus ablate the 
urethral tissue and surrounding proslatic tissue near the 
heatiog clement location. This creates a cavity and expanded 
opening o[ 1he urethra to relieve the urinarv obstruction 
caused by BPI-I or other prostatic djscase. • 

The preSt:nt .invention i;; directed to a system and proce­
dure for heat ablation of prostalic !issue through the use of 
a !herm~l probe that is advanced into the urethra through the 
penis and positioned intra-urcthrally (within the urethra.). 
The ablation is performed for the treatment of benign 
prostatic hyperpla!iill (BPH) and the associated alleviation of 
urethral obstrudioo. It would also be used for otht:r ctiseaSt:S 
such as proslale cancer to relieve urethral obstruction. The 
system aod procedure of the preseol invention are different 
from any of the systems and procedures cliscus.<;ed in the 
background section. The advantages of tbe present system 
and method reside io tbcir combined simplici ty, economy, 
cooLrol, coosiswncy, eoab1emcot of good ablation position 
and sbape, and clinical effoctivcaess. 

In contrast to the TUNA techoiqoc, th<l lbcrmal probe of 
the present iovenlion can be used wilhoul piercing the 
urethra. II enables patients who cannol toleratt: the TUNA 
syMem and procedure to receive urethral ablation treatment. 

20 For example, such palicnlS couJd be those requiring antico­
ag1ilatioa medic,ition for cardia.c or neurological probkms 
who sbould aot risk bklcding f'rom a puac1ured urethra. 

In a technique performed according to the present 

35 
invention, a 1bcrmal probe is mat.It: 10 ablate a portion of the 
wethra and the pcriurethral region (i.e., tissue near or oo !ht: 
urethral lube) to induce necrosis of the prostate tissue near 
the urethra and of the urethra iLs;c]f. This induces a cavity to 
be formed via obliteration o r a portion of the urethra and lhe 

As one example, urinary bladder outlet obstruction t:'dll be 
eJiectively treated using Lhe preseat system and Lecbaique, 
wbich is mioimally invasive, The tecboique of the present 
iov.;ntion involv..:s inserting a thermal pt'obe into the urethra 

30 
ccnlrnl region of Ibo prostate io tbe patioot's body a few days 
after the procedure is performed. The cavity provides direct 
communicalioo to and widening of the urethrnl c:baane1. Lo 
accordaocc with ooc embodiment of the ioventioa, thermal 
abhttioo d1.'Pths of sevcrnl millimeters into !be periurntbraJ 

.,s tissue can be made. which thereafter induce similar sized 
cavities lo be formed. rbereby enlarging the urethral passage, 
Tbtise exemplary lesion si.:es, similar 10 those made by the 
TURI> procedure. have proven to be adequate lo provide 
relief from UPJ I. 

to the region of urethral obstruct ion in the prosla1i::. The 
them1al delivery por1ion of the probi; remains within the 
urethra. This avoids the more difficult and uncomfortable 
transurelhral approach ol' the TUNA system procedure dis- 4o 
cussed above, ;ind may be done. without need for pm;sing one 
or more side-outlet RF electrodes through Lhe urethral wall 
(via a lransurcthral approach) into tbc prosi-atic lissuu sur­
roundiog the urethra. Tn various embodiments, the present 
system at1d procedure may include image gu idaace, wh.icb ~.5 

may bo performed ia a varioty of w,1ys including uJtrasouad, 
Cl', MIU, Uuomscopy, X-rays. or 0 1ber well known imaging 
techniques. 

In accordance with one embodiment of the invention, a 
thermal probe may comprise a flexible rubber urethral 50 
catheter baviog ao inflatable baJloon tip and urinarydrninage 
channel. A thermal beating clement comprisiog a resistive 
beating elerouot is attached lo the catheter prox.imttl to tbc 
balloon portioa. This beating element can tbormally coatact 
I.be uretbraJ tissue when the catheter is inserted through the 55 

pcais into the urethra. The balloon muy be iol:la ted whea tbc 
distal porlioa or tbc: catheter is within the patient's bladder 
thereby enabling the catheter and the benting elemen1 to be 
fixed in a desired position relntiw to the prostate and 
urethra. The healing element may be detcnniaed to be at a 60 

desired position in the prosiate by a simple 1raction of 1hc 
balloon on 1he bladder. '11:tis also ensures against migration 
or ch::mgc of position of tbe electrode from its proper 
position rcla1ivt: to lheprostace aod cri1ical Struc1ures. X-ray, 
lluoroscopic, ultrasou.ad, CT, or MRI imaging information 65 
can be made of the position of the electrode within lhe 
proslare and wethra. 

II should be noted thal in contrast to McGahan el nt. ·s 
cooclusioa lbat RP lesion sizes are inadt:quale for lhe 
ablat ion of prostate carcinomas, the pcriureLhral ablation 
siz..:s are adequate ia treating HPI I. Periuretbral ablation in 
accordance wiU1 Ilic present invcnlion may also be used to 
ablate cancerous tumors of the prostate that may be located 
io the region of the Hre1hra. 

Also, !be presont technique avoids tbe atled to observt 
McGahan e l al. 's admonition 10 avoid heat or thermal injury 
or the urethra, and corresponding nel.-essity for Lhe irrigat:ioo 
and cooli11g of the ure1hrn as suggested by the article by 
McGahan ct aL By ablating the urethra itself, the present 
tecbniqoe bas the added advantage of avoidiag the possi­
bjlity of necrotic tissue and liqucd becoming cotrapped 
outside Ilic urethra if lbe uretbrn is left intact, as in the case 
of the TUN/\ and McGahan el al. procedures. 

The syscem aad procedure oftbe prcseat iaventfoa differs 
from TUMT techniques which seek to preserve the urethra 
by fluid cooling within the e)ecrrode cat.beler. The present 
technique seeks lo ablate a portion of the urethra and 
periurethral 1issuc and so direclly wideo tile urethral chan­
nel. The: present technique has the advantage over the TlfMT 
tecboique of 001 requiring added coolaot-carrying cb<1ooels 
within the catheter which increaS<: complexity and cost of 
the TUMT electrode systems. The elt:ctrodes of 1he present 
invention are also simpler than the TUMT devices. 17ie 
present ioveotion involves a simply conscructed thermal 
probe that is in thermal contact with or in physical contac1 
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with the urethra as compared to an internally located and 
complex microwave antenna structure in the case of the 
TUMT device. 

8 
FIG. 13 shows another embodiment of the prostatic 

ablation system according to the present invention having a 
flexible, wC1ven or braided thermal clement; 

PIG, 14 shows another cmbodimcot of a prostatic ablatioo 
5 ~yi:.tcm accordiug to the present invention having a flexible 

5eries of linear long,i1udjnal thermal elements; 

Tbe system and me,tbod of tbe present invention has lbtc 
furiher advantage of increased simplicity, safety, and 
economy. The probe structure may be of a simple construc­
tion and geometry i□ o□e form aol requir.iog coolant cba□-
ncls (although other versions can be made with cooling 
channels). This has the advantage that the ca theter and 
thermal probe are easy to c:oastruct and therefore economi­
cal. TI1e probe can he inserted easily by any uro logist or 
dinic~J assistant. Also, it .is well tolerated by p:H.ients, eveo 
tho~ who arc in frail health, The systems and methods of tbe 
10vcntion arc safe. For example, the simple U$1;! of tht: 
embodiment of an inflatable balloon within the urethra 15 
combint:d with cathecer traction aod X-ray imaging with 
contrast injcctic,n assures tbt: com:ct positioning of the 
thermal probe within tbe urethra and prostate. 

FIG. 15 shows another embodiment of a periuretbral 
abhttioa electrode at:cording to the present invcotjon baviog 
a segmented series of azimuthal thermal elements near its tip 

JO end; 

RG. 16 shows another embodiment according to the 
prcsonl invention of a prostate ablation clectrc,dc comprising 
a balloon catheter with a second balloon incorporating a 
surface thermal c lement; and 

FIG. 17 illustnues another embodiment of a prostate 
ablation catheter tip in sectional viewwitb a flexible thermal 
clement integrated in a :,egmcnt or the catheter wall . 

These features and advantages as well as others of the 
present method and system will become apparent in the 10 

detailed dcscriptioo lbal follows, 

DETAJLED DESCRlPTION OF'l'III?. 
I NVENTION 

Referring initially to FIG. I, in a system in accordancc1 
with the present invcntioo, a probe l is inserted vi,1 the penis 
PN into tbe urctbra U of ,l living body, such a5 a. patient. aad BRIEF OESCR[LYrJON OF fllE DRAWINGS 

lo the drawings, whitb constitute a part of the 
speeci.ficntion, embodiments exhibiting various forms and 
features hereof are set fortb, specifically: 

FIG. l is a scbematiec diagram showing a portion of a 
pat ient ,1long with a systcrn according to the invention for 
performing iotraurctb.ro] thermal_ ablation of the urclbra and 
central pro.state with ultrasonic imagiag guidance: 

FIG. 2 illus\l'a!c$ a proct:dure or technique by which 
thenual probe is located intraurethrally near a point of 
urethral obstruction in the prostate to make a urethral 
a bl a Lion; 

PIG. 3 illustrates a cavity in tbe prostate c:ont:iguoui:. witb 
t.bc u1ctb.ra induced by a system and met bod according to the 
present invention; 

FIG. 4 shows another embodiment o( a prostal<.: ablation 
probe in combination with an endoscope passed into the 
urctbra in accordance with tbc prcscot iovcotioo; 

}1G. 5 shows aoolb<.:r emhodim<.:o.t of a prostate ablation 
electrode i11tegrated with a halloon catheter with multiple 
tempera ture sensors in accordance with lbll present inven• 
lion; 

},lG. 6 shows a flow chart or the process employed in 
Operating a system in accordance with the present invention; 

FIG. 7 shows another embodiment of a prostate ablation 
electrode aC(.urding to the invention having an asymmetric 
t berm a 1 tip; 

FIG. 8 illustrates aootber embodiment of prostate ablation 
probe according to the iovemion baviog a pointed lherrrnil 
tip, which is adapted to be used io conju □ction w ith a 
cystoscopc; 

FIG. 9 shows 3. cross-sectional view of a balloon ~blation 
catheter with resistive heater in accordance with the preseat 
invention; 

FIG. 10 shows a side view o( a balloon ahla ti(ln catl1eter 
with coiled beater clement in accordance with the present 
invention; 

FIG. ll shows a flow chart of a process employed io 
operating a system i □ accordnnce wi th the present invention; 

FIG. 12 illustrates ano ther embodiment of the urethral 
probe according to the present invention having a tlexible, 
segmented length of heating, thermal. or electrode clcmenL5; 

35 
into an operative field within the JHttient's body, specifkaJly 
including the prostate gland P, 171e tip 2 of the probe 1, 
which is a thermal element, is placed i □traurel b ra!Jy, within 
lhc urethral tube that drains urine f'rorn the hlndder B in U1e 
living body. In the disclosed embodiment of the invention, 

.:,o the probe 1 has an insulated shaft portion 5, indic&led by the 
hatched area in FIG. 1. The probe tip 2 preferably has a 
rounded distal end 7 to facilitate passage through the urethra 
and into tbe prostate region without scraping, cuttfog, or 
pco1::trating the urerbrnl wall itseu·. ] bis configuration of the 

35 probe 1 t:acilitates tbc intraurotbral approach ro p lacing :1 
thermal clement into the prostate. 

Also shown in FJG, l is an ultrasonic i1mging device U 
which ~5 placed iatrarectally through the anal opening A. JI 
bas an imaging head 14 which rests against the rectal wall 

~o R near the prC1state P. 111e ultrasonic imaging device 11 may 
be any cC1mmon tool used in diagn ostic medicine; such 
devices arc widely available. For example, Accuson, Inc., 
located in Mountain View, C.1liL, providt•s several suitable 
u ltrasonic imaging devices. With tbc ul1raso1Jic imagia.g 

~5 device 11, any desired area of tissue may be imaged. In one 
embodiment of tbc invention, the imagiag bead 14 com­
prises an ultrasonic scnnuiog transducer. 

For example, as j!Justrated fn FJG. I. the region of tissue 
falling within the area bounded by the dashed lines 17 is 

50 scanned hy the ultrnsonicscanning transducer 14 to generate 
a visual image. This image may include the rectal wall R, 
prostate P, and urethra U, as well as tbc e lectrode l aod its 
thermal probe tip 2. Toe ultrasonic s<.:aoning transducer 14 is 
connected 10 an ultrasonic imago processing unit 20 ~nd a 

;;5 display unit 24, as is common practice. Tbe display unit 24 
serves Lo provide real-time ultrasonic images of the pros1a1e 
P with the tip 2 placed in the urethra U. This way, the 
gu.iclarn:.'C provided by the ultrasonic image is used to locate 
the thermal element 2 a\ an appropriate point of the urethra 

oO within the prostate aod, i f desired. away from particularly 
sensitive areas such as the apex of tbe prostate near the 
sphinelt:r SP. 

The probe l has n connection 27 at its proximal encl 
(nearest tbe surgeon), wb1cb is coonccted by a wire or c:ibfo 

65 connection 30 lo a genera tor or other e1Jergy source 33. The 
generator 33 may be a source of electrical voltage or current 
which connects through cable 30 to a resistive heating 
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element in lip 2 that in turn causes thermal ablation of the 
Qrethra near the tip 2. In one embodiment, generator 35 may 
be a laser energy source that delivers laser power through 33 

In tbe disclosed embodiment, the lip 2 may have a length 
of approximately 5 lo 20 mm. The tip may have :i 

hemispherical, rounded point on iL5 distal end 7 lo prevenl 
abrasion or penetration of lbe uretbra U. Tho dcr:lrode may m a laser emitting tip 2 lo heal ablato the urethra oear it. lo 

other emhod1meots, the generator may be an elee!rical unit 
with, for exampk, a radio-frequency, microwave, or other 
high frequency power supply lbat cao deliver a bigb­
frequeocy electrical sig□ul 10 a conduaive electrode tip 2. 

5 be self-contaioccl or sc,aled. Alternatively, it may be a 
flexible t'atbotcr-lype electrode wbcreio the iosulaliog coal­
ing 5 is a plastic, urethane, poJyetbyleae, silicone, or other 
material, la this case, the tip may be a conductive metal tip 
whir:b is fused to the flexible catheter structure 5. Within the Pmbe lip 2 can include a resistive wire element or heater 

element that heats up whe□ electrical current passes through JO 

it. The current can be generated by gener:itor 33 and passes 
through two current conductors inside connection 30 to/from 
the resistive heater elccnent i.o tip 2. The beat. so generated 
will spread to the urethral and peri-11rethral tissue nearby 
causing tissue ablation in an ablation zone indicated by the 15 
dasbed line 37. Tbt: resistive heater elements or wires may 
be constructed using known technology artcl, for example, 
could include the use of a high resistance wire such as 
nichrome wire inside lip 2 conm:cled lo lower rt:sistanct: 
wires such as copper wires inside catheter l which connect 20 

to tbe coaoection cable 30. Tbe nichrome wire wiU beat up 
by ohmic heal dissipation in the thermal element tip 2. Very 
litt le beat wiU be generated in the conoectioa wiros llladiog 
lo current generator 33, keeping aU but the tip 2 from rising 
above ablillioa temperatures. JS 

Alternatively, in accordanct: witb lrnown technology, gen­
erator 33 can be a faser power source, aod cabl.e 30 (.~dO carry 
laser I ight through probe 5 to a diffuser or tran~miller 
ekroent in tip 2, Thereby, the laser light power can be sent 
om of tip 2 into surrounding tii-~ue causing beating and .:-o 
ablat.ion of thll urethra and prostatic tissue io an ablntioa 
zone schematically illustrated by dashed line 2. 

c1uheter may be electrical wires wbich connect to the ther­
ma I clement tiµ 2 and arc brought out lo make connection 
with the external cable 30 through a bub 27. 

Jn accordance with another cmbodirncot of tbe invention, 
tile electrode 1 may have an outer cannula, as in a necule. 
with an inner obdurating slylc1 lo facilitate insertion. Oncu 
inserted into tbe urethra as in FIG. 1, the $tylet may ht: 
remowd and other structures inserted io its place, such as 
fiber optic endoscopic visu,tlization probes, temperature 
sensing probes, multiple tempcra1ure-.5ensing probes, and so 
on. T he electrode tip in any of these configurations may also 
include a temperature sonsor built into tbo tip, or alloma-
tively the system roay include a temperature-monitoring 
probe that is inserted into the catheter or cannula once the 
ioslrnmeal is in place witbio tbc urethra. 

By carefully placing I.ht: probe in accordance with HG. 1 
wit bin tbe catheter and positioning lhe tip 2 in an appropriate 
portion or the urethra U where there is a urinary obstruction, 
an effcctivt: ablation or the prostat1:: can be accomplished. By 
supplying power from the energy source 33 10 lhc tip 2, 
heating of Ole urethra adjacent to lhc tip 2 aod the surround­
ing periurethral 1.is:,ue in the vicinity of the tip will occur. In 

1n another embodimllnt. io accordance witb known tech­
nology for generating radio-frequency (RF) lt:Sions, as 
described in the Cosman and Goldberg articles described 
above, a high-frequency signal applied to lht: exposed tip 2 
gcoeratcs a beatcd region around Uic tjp 2. whicb in turn 
produces a heat lesion or ablatioo zone 37 around tbe 
ex'J)oscd lip 2. The size of the ablation zone or heal lesion 37 
may he increased by increasing the power from the energy 
source 33 that is applied to the tissue. Thus, the size or 
volume of the ablation zone 37 can he graded and controlled 
around 1110 urethral chaanel. 

accordance with one embodiment, a heat lesion of desired 
si:a ~5 Forrncd by controlling tbe temperature o( the heated 
urethra and pro~tatc tissue immediately surrounding the tip 

35 2 10 approximately 90° C. At this lomperature, an abla1ioo 
volume wiJJ be formed having a di1trnet.er of several milli­
meters. This ablation volume will engulf the urethra and tbc 
periurethral tissue and be entirely contiguous with tbe 
remniniog urethra connected to it. 'lbe size oftbe beat lllsion 

40 is visualizahle on CT or MRI image scanning at the same 
time or after the lesion is made. 

Also shown in FIG. 1 is a sccond cable 42 that may be 45 
placed in conductive comact witb a portion of tbe patient's 
skin S or other part of the body via a second electrode 44. 
The secoml electrode 44 serves, as is com moo p ractice, as a 
reference oc return electrode for the RF current emilled from 
tbe RF electrode tip 2. Exam plus of RF lesion generators aod 50 
RF electrndes using this configuration can he found in the 
product literature of Radionics, l ac., Burliogtoa, Mass. 

The generator or energy source 33 may have temperature 
meiers 48 or other ahJat.ion parameter rcadotlls 51, illustra ted 
by a digi1al meter reading, for display of power, current, ss 
voltage, impvclanet:, or other parnmelers associatt:d with the 
healing process. 

To give a specific illustration of how urinary blockage is 
reduced in accordance with the system of FIG. 1, probe 1 
with, for example, a diameter of 2 mm is parlially covered 60 

with an insulating coat ing 5 (the hatched area). A conductive 
portion 2 is fabricated from a cooduclive metal tube, sucb as 
stainless steel, For MRI compatibility. ollwr materials with 
low magnetic susceptibility (such as high cobalt nickel 
content materials, e.g. Jnconcl or copper) may he used so 65 
that direct MRI imaging of the lesion process and electrode 
positioning can be done. 

In accordunce with other embodiments, depending cm the 
lesion sizes desired, other lip temperatures or proslate tissue 
temperatures ranging between 50 aad 100° C. are used. Tbt 
desin;;d: lesion sizes are dett:rroined (for example 0.3 to 5.0 
cm) depending on the size and geometry of tbe patient's 
prostate or urethral obstruction or other clinical oonsider­
alion&. 

The energy source 33 bas a power range from O to 
approximately 50 walls, although 20 walls or less is gener­
ally adequate to achieve t.be tcmperal11rcs cited above. Tbe 
e lectrode 11p 2 has a temperature sensor built inside the tip 
or oo its surCace, whicb may be a tbennistor, lbcrmocouplu, 
or other type of temperature sensor. lbe temperature sensor 
is connected via conned ion wires e:ctcnding inside lh1:: sbaEt 
I to the energy source 33 including its meler 48, U1ereby 
enabling temperaiure moniloriog by the clinician. The mea­
i-urcd ternpcraturc at ihc tip is representative of the tempera­
ture of Ilic urethra and the nearby prostate tis.sue as the 
ablation proceeds. 

Tbe shafl of thc probe 1, in accordance witb oae embodi­
ment of tbe invention, is approximately 20 to 30 cm ia 
length. Ju other embodiments. lengths up to 60 cm may be 
used. It should be ,·ecoguhed that vary.ing sizes, geometrics, 
probe tip configurations, Lij) diameters and lengths, etc. may 
be used for the probe 1 to proclucr heal lesions. 
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The ultrasonic imaging device 11, which in one embodi­
ment of the invention is tbe EPOXP Monitor available from 
Accuson company, Mountain View, Calif., is used to provide 
images on the display screen 24. The ultrasonic image on tbe 
display may show lhe sbafl I and tbe tip as tbey are 5 
positioned within lbe prostate, and U1is is visualized on the 
scrctm display 24. The surface of the tip 2 or the shaft I may 
be roughened. scored, or otherwise configured to make it 
more visible via ultrnsonic imaging. 

The depth o[ penetration of the probe I and its tip 2 within 10 
the prostate and urethra may be gauged by scale or inclicat-
ing mark.ing,.<. 40 on tbe shait of the electrode 1 near its 
proximal end. If different prn;itions of the tip need to be 
implemented, tbe depth of insertion of the probe in the pe1J.is 
and urethra can be changed according to the scale markings 15 
40. For example, the ultrasonic image display 24 may 
indicate that the tip 2 is too deep or too sba.llow witbio tbe 
urethral tract inside the prostalt:. Accordingly, the shaft may 
be moved in or out quantitatively by the scale markings 40. 

f.JG. 2 show·s a diagram illuslrnting the manner in which 2o 
a thermal lesion is made by a thermal probe placed inrrau­
relbrally. Generally, a patient 's bladder Bis illustrated; il is 
io fluid cornmunicalioo witb tbe patfoot' s 11rclbra U. Tbc 
probe I is ins1.>rled into tbe uretl1ra U, as sbowo, lo place 1be 
tip 2 wilb.i.n tbe urelbrn near a point uf urethral obslrnction. 25 
As above. the shaft of tbe probe I bas an in,su lated portion 
5 (tb1.> batcbed area). Wben ,;nergy is delivered from lhe 
energy source 33, ns in PIG. 1, dissipation of the tlnergy 
around the tip 2 causes a heating zone to occur around the 
tip. This will cause a wnc of heat ablation 47, which engulfs 30 
the urethra U and 1be periuretbral tissue wilbin lbc clashed 
line volumi::. The zone 47 indicated by the dashed line 
would, for example, ilJustratt a typical isotherm surface area 
or area of constant temperature within which all tissue is 
raised tc, a letbal or abla tion temperature. An example of a .,5 
desired tem11craturc for abl:11 ion tu kill prostate 1issue is 
approximately 50° C'. maiotainod for six minutas. Lt should 
be recognized I bat varia1ioas, depending on the desired 
outcome, arc possible. 

/\n ablation isotherm surface. therefore, isan inclicalion of ~o 
the region ,n which the cclL<; are dead, At 50° C. or higher 
temperatures, tissue necrosis in the ·iso therms within the 
volume cncompas.-;cd by the isotherm surfaci.> area is 
induced. f.iqucfactfon of the necrotic li$suc occurs within 
days from ihe day of treatment. If sucb an ablation isotherm 45 

are3 (corresponding to ablation or necrosis), as 11lustrated by 
tbe dashed lioe 47, eagu Ifs 1he urethra in the region where 
there is a urethral restriction, then in a matter of days after 
trea1meot, the eo(jre periurethral zone, including tbe urethra 
within the isotherm surface area, is oblitera ted and liquefied. so 
The Oow or urine from Lbe bladder through the urethra will 
tben carry away tbc liquefaction 3nd debris from Ibo necrotic 
tissue away and out of tbe body through the urethra. 

FIG. 3 illustrates tbe elfocts induced by !be system a□d 
rnetbod fo r urethral enlargem,mt by thcrmnl ablation accord- ,s 
ing to lbc present invention. The inventive system and 
procedure obliterates the urethra and region within the 
abla1ion isotherm surface boundary to induce a cavity SL 
'The urethra and prostalic tissue th11t previously was within 
this cavity volume has bcco nccroscd and liquefied aod 60 

passed out through the ure1hra U by the flow of urine, 
indicoted by the arrows F, Crom U1e bl3ddcr Bout througb the 
penis PN (PIG. 1) . The urethral wall bas been obliterated to 
open tbe cbanoel in communication wi1l1 the remaining 
segments of lhe urethra. The cavity 51 is generally symmel- 65 
ric about the urethra. 10 open a lumenal volume. thereby 
reducing 1hc restriction of How that previously existed with 
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the urethral obstruction. Because the cavity 51 is localed 
arouocl lbe ure thra, it is 1ypica1Jy axial ly central lo lbe 
prostalic gland. There is the advantage that the cavity has a 
smooth, contiguous Ct)ntim.tity with the uretbrnl structures 
co□□ccted to it. increasing tbe likelihood of laminar fluid 
How after the cnvity 51 has been formed. S i.ace it is in the 
periurethrnl region. the inventiw tecbui4ue also bas the 
advantage 1ha1 it is remote from various critical structures 
such as nerves in the outer prostate and the rectal wall. 

.By way of forlhcr explt1□ation, thi:: uretbral wall and the 
periurcthral tissue that is in the area of the zone of o.:crosis 
is liquefied and carried away by urine tlow f. As the urethral 
cros~-sectiooal arcoa is increased. the impedance to Bow of 
lhe urine is suhstantially reduced and the .!low vector F is 
incrc,ased in magoirndc, restoring normal voiding function 
or improving voiding rate , The body reacts to this proccduro 
by creating a ni;;w epi1belial fayer of cells, within a m~!ler of 
a few weeks.. lo cover the interior surface of the cavity 51. 

Becat~5<: a typical isolhem1 s urface area 47 (FIG. 2) is 
created in a generally cenlral area of the proslale hecause of 
tbe i□lraurelbral location of tbc thermal tip, tbe peripbcral 
annulus of the prostate acts as a natural margin of safety or 
thermal buil'cr zone for lbc critical organs, which typically 
lie ou1sido tbe peripheral regioo or just outside tbc prostate. 
These would include critical nervous struclurcs and the 
rectum waU and mucos:1. 

During lbe process of C'<IJefu lly posit ioning the Lip 2 
relative lo the ure th ral obstruction and 1hc prostate (as 
illustrated in PIG. 2), a visualization rcpresenra1ion is 
relayed via the ultrasonic detector or imaging head 14 and 
d isplayed on the u.llrasonic display 24 (FIG. 1). This allows 
tbe lip 2 to be safely guided and located in the proper region 
of the prostate and away from delic:ate rt:gioos sttch as the 
sphincter SP. 

'11ie leoglh L of the exposed tip 2 m~y vary or be cboseo 
according to lhc length of the ablat'ive isotherm volume 47 
required. For a fixed lcaglh L, lbe position uf the tip 2 may 
be Iran.slated aJter a first lesion to Molher position \vitbia lbe 
prostale to enlarge lhe Length of the cavity 51 (FIG. 3). Thus, 
mulliple thermal nbl11tion slages may be considered accord­
ing to clinical needs to enlarge lht: lenglb of lbe urethral 
cavity cnhancemcnL 

la accordance with another cm bod imcat of lhc. present 
ioveotion, tbc probe may not include ti.le temperature sensor, 
Tbe cort't:Lation of an ablation size dcsired to a certaiQ 
clec1rodc lip geometry may be determined by considering 
gc□eralOr paramcteIS such as power output. voltage, a□d 
current. Generally, i i can be determined that ablation tem­
peratures of gre~ter 11:Jan 50° C. in !he prostate '!issue c:an be 
induced, for example. hy wny c,f power or current levels 
greah:r than known amow1ts. This information can be used 
by clioiciaos to induce sullicicol ablation sizes to alloviate 
urinary obstrnct ions by the intraurcthral method. depending 
oa clinical circumstances. 

lo certai□ embod.ime01s o[ tbe invenlioo. tbe probe itselr 
is self-contained, having a unitized metal shaft sud as a tube 
or stainle~ steel or other material with an enclm;ed. scaled 
tip. ln~ide lbe lip 2 is a thermocouple, thermistor. or olber 
temperature sensor. Tbc sensor may be in the interior o( the 
tip or integral with the surface of the lip. The electrode shaft 
may be electrically insulated by any of various suitable 
materials, sheaths, or coating, such as epoi-'Y, Teflon, etc. '!be 
hub 27 of the electrode 1 ( PlG. 1) may be tubular o r 
otherwise shaped lo best co□form 10 the operator·s t1ngt:rs as 
he inserts it in1rauretht.1lly. 

As described previous! y, the shaft of tbe probe L or the tip 
2 may have properties to optimize visualization. For 
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example, a roughened surfaL'<= on the tip 2 can make i t more 
exogenic and visible in ullraso□ic imaging. Furthermore, a 
metal tip may he visible in an X-ray image lo locate the 
position of the Lip in the prostate during the procedure. 
Allernalively, tbe probe may be made of MRL or CT corn- 5 
patihlc 01a1crial so that i t is visible in MRI or CT imaging 
without substantial artifacts. Thus!! imaging lccbniques may 
be used prior, during, or a(ter the procedure 10 monitor the 
plaL-ement of the electrode and the progress of the nocr01ic 
pt:riurethral cavity after ablation. 10 

In ac..:ordaucc with another embodiment of the invention, 
the probe L as shown in FIG. 1 bas an insulated sba(l made 
of a flexible material such as plastic, silicone, polyurethane, 
etc. TL may be similar lo a catheter with a hollow interior to 
enclose the e lectrical connection or temperature sensing 
wires. 111c lip is made of metal and is bonded or co□ 1Joc1ed 15 

to lhe Uexible insulated sbafl portioo 5 by boocling agents, 
glue, swaging, or other means. A f:lcx:iblc catheter-like 
electrode has the advantage of being placed into the urethra 
U with greater ease and corn for t 10 the patient. 

FIG. 4 illustra te/; another embodiment in accc1rclance with ~o 
the present i□vention. An endoscope 70 is illustra ted in 
sectiona l view, and has a can□u la 74 which is inserted into 
the urethra, which is common practice for urologists. ·111e 
endoscope 70 bas a lip end 77 that is insertc.d past the 
sphincter and into the prostate region P. A probe 81 is then zs 
inserted through the endoscope t.~dilnula 74. It bas a thermal 
Lip 84 that extends beyond the endoscope tip 77 and remains 
within th1.: urethra U. /\s in the previously described 
embodimco1, the shaft of the prob~ 81 bas an insulated 
su1face portion 87 (h~l<:hed lines). The probe RI further has .:,o 

~ hub 9 1, facili1a1ing connection via a conoecting cablt: 94 
10 a gcncr~tor 97, serving as a source of power output. A 
tempernture-seusing readout 100 is used 10 r<lnd the tem­
perature of tbc temperature sensor which is located within 
tbe tip 84 or by mu.ltiplo temperarure sensors located at otbcr 35 
11oints along the clet:troue shafl 81. Readout o ( output 
parame!Ors from tbo i;oaeralor 97 can be accornplisbcd by a 
monitor and uisplay system 103 , which in various embotli­
me□ts may involve computers, cootrols. feeclbad: systems, 
e!cctronici;, and even computer graphic displays to illustrate ~o 
tbe parameters by a computer graphic worksta1 ion duri□g the 
progress of the ablation. 

Also shown in FIG. 4 i~ an op,ical visualization systc-m 
which can he used in conjuoclion with the endoscope 70 and 
probe 81 in accordance with the prese□t invention. An ~s 
optical visualization elemeot 110 is shown passed through 
the cunnula 74. In the disclosed cmbodimcot. Ibis element 
l LO is a liber optic channel inserted through a port US on a 
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common cystoscope in use is the Uretbroscope made by the 
Karl StorL oompany of Tuulingen, Germany. Such devices 
commonly have fiber opt ic channels and imaging systems 
such ru; lbosc illustrated iu the description nf FIG. 4, above. 
Tbey aJso may bave optiooal irrigation ports 135 and 
aspiration ports 137, also illustrated in FIG. 4. Because tbe 
tip 84 of the present systt:m and method, as illustr~ted io 
F IG. 4, is under dirt:ct visual control by the endoscope fiber 
op1ic apparatus and display 130, heller control and certainty 
of the placemeot of the lip within thti 11Jethra and prostate is 
provided. 'J1his is an ttdviintage over lbc TUNA prpcedurc, ia 
which side-outlet radio- frequency elec trode probes puncture 
the urethra and are therefore out o( v iew of endoscopic fiber 
optic visualization. 

AJi;o referring 10 PIG. 4 and in ac.::ordance with Ilic 
present iovt:□tioo. O1l1er temperature seosor.s may bt: placed 
in rbe prostate or nearby organs to monitor lhe process of the 
intraurethral ablation. For .:xample, a temperatu:re-st:nsing 
prohe 150 may he plllced within the prostate, for example, 
through the rectal wall. It has a temperature-sensing lip 154 
which measures the 1empora111re in the peripberal region of 
the prostate P. A connection cable 157 connected to the 
tompcraturc scosor 154 passes a s igaal represea1a1jve of lbc 
temperature lo the Lemperalllre-sensing readout 100 in con-
neclioo witb lh.:: generator 97 a□d tho t:onlrol apparatus 103. 
Multiple satelli te tempernture-mo□itoring sensors may 
act:orclingly be p resent 10 qualify the thermal distribution, 
particularly in regions o( orgnns at risk. 

FIG. 5 shows yet another embodiment of the system aod 
procedure a.ccording to tbc prese nt invention involving a 
catheter 201, wbich is passed ioto the urethra Uuough lbe 
pcuis PN, which is shownooly in 11artial sociional view. The 
catheter 201 has a thermal element 202, which is positioned 
in prostate P according to clinical needs to aJlcviatc urethral 
obstruction. Al rho dislal eod of tbe catheter, there is an 
iolltnable balloon s tructure 210 shown in a□ inllated state. 
There is further a distal lip 214 wbicb dofi□os aa opening 
217. Urine within bladder B can Llow according to an ,1rrow 
fl into tho opening 217 and out of a proximal encl of tbc 
catheter, as illustrated by aa arrow 172. 

Rubber catheters with balloon ends are used commonly 
by urologists. Examples or such catheters are SILJ\STIC 
Foley catheters distributed by 1bc Bard Urological Division 
of Covington, Ga. FTG. 5 shows an embodiment of the 
preseot invention in which s uch a catheter is augmented by 
a beat element oc themJal elemeot (structure 202) that may 
be formed in tl1e shape of a r ing. l o tht: disdosed 
embodiment. the slructure 202 is connected internally 
through the catheter 201 to a hub porrion 220, a connection bub U.9 of the endoscope 70. A fiber optic control llnit 121 

processes the signal from the fiber optic channel 110, and 
also may control illumination sollrces that can provide 
illumioalioo dowo the fiber optic chaoael in to the rogioo of 
lhe prostate near the tip 84. A prot;essiag display unit 130 
can display aa image field 132 as seen by the fiber optic 
chttnnel 110 near the Lip 84. The display is cnpable of 
sbowi□g an image 133 of 1be RF ekctmde 81 wilb respect 
tu an image 134 of the urelhra. Accordingly, at the tip 122 

so cable 224, and a generator 227. The generator 227 supp lie~ 
a poweroutpul, as described in connection with the previous 
examples. to or tb rough structure 202, resulting ia beating of 
tbe urethral tissue to give rise LO an ablation isotherm s11Jfacc 
230 (tbo dashed line). Temperature sensors may be localed 

of tbe fiber optic line channel, a view o[ the region in the 
prostate where the ablntion will t~kc pl~L-e can be displayed 
on the display 130. The position of 1hc tip 84 within 1h1.: 
urethra U can be visualized prior, during, and after healing. 
In this way, control oflhc position of the probe tip within the 
urethra can be acco!Dplished under direct visualizalic,n, 
increasing the safely and certainty of the intraurelhral tech­
niqlle. 

By way of explanation, tbe use of cystoscopes or endo­
scoprs in the urethra is common practice by urologists. A 

;;s at multiple poiats along the calheter 201 within the prostate, 
and temperature signals carried by a co□ncction 234 to :1 

tissue temperature monitor 237 to monitor the ablation 
process as described previously. Additionally, monitoring of 
output parameters fro m the generator 227 may be accom-

60 plished via a parameter monitor 240. 
T he system in accordance with the present invention, 

illus1ra1ed in FIG. 5, may be implemented by tbe following 
illustrated example. The catbcter 201 is Slt:rile and dispos­
able; it includes a power delivery strncrure 202 with bub or 

65 connection structures 220, as described above. The catheter 
20t is inserted into the penis PN according to common 
practice until the balloon structure 210 is within the bladder 
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B. The balloon is thea intlated by a syringe 260 allached to 
an innation hub 264, which is standard oa Foley balloon 
catheters. lnllation hy the syringe plunger 270 injects air or 
tluid into Ibo balloon 210, tboroby inl:lating tbe balloon and 
retaining it wilhin the bladder B. Tf Huicl is injected to fill tbe 5 
!ml.loon, tbo liuid may be contrast tluid that is visible uo 
X-ray or fluoroscopic images o( lbe patient's body to 
cooHrm the baUou11's position. 
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202 may be "cavity-free." The ring wall may vary in 
thickness from 0.00 L millimeters or less lo l millimeter or 
more. The ring may have a length ranging from ().J milli-
meters or less lo several millimelcrs or oven ccntirnorcrs. 

Clement 202 111ay take many tbr111s. Element 202 may 
comprise a 11on-fluicl-coolaining electrode ancl/or a non­
bollow conductive structure, For example. lh<.:rc may be no 
inremal cavities 1n element 202, and ii migbt 001 bt: con­
necled 10 a Ouid channel within tbe catheter. Alternatively, Once the balloon catheter is so entrappeu within the 

bladder 13 by the in.llation o[ the balloon .210, urine within 
the bladder B can How according to tbe a crow Pl through the 
distal tip opening 217, aml drain from a main C'dtheter hub 
280, as illustratt:d by the arrow F2 . Once th is configuration 

10 thermal element 202 may be a composite of solid metal 
wires or conduetive plastic or composile material. 

is established, an X-ray contrast medium may be injectt:d 
through the bub 280 inro the bladder B.An imaging system 
285 such as a nuoroscope or X-ray machine can tbeo be used 
to image the catheter tip 214, the bnlloon 210, the bladder B, 
and lhe heat element structure 202 together. An X-ray 
imaging detector 290 is shown which can collect X-ray 
images l'rom X-rays cmilled from, for example, an imaging 
system 285, as illuslrnlod, within Ibo field of imaging 
illuSITated by dashed lines 293 aocl 294. Such X-ray images 
visualize aod assure thal the slrucl t1re202 is properly placed 
with respect to the bl.1ddec B 110d I be prostate P. The imaging 
system will help tJ.nsure tbat the structure 202 is within the 
prostate al the point o( urtJlbral obstruction and sufficiently 
away from the apex of the prostnJe or lhe spbiacter SP, which 

Element 202 may be flexible so tbat it can bead with the 
flexible cathuter lhrough the curves of the urethral channel; 
thereby providing improved patient comfort aod minimizing 

15 barm to the urethra during i□seciion. The urethra bas a major 
natural curve and the flexibility of the catheter and thelll1_al 
element is a significant advantage to prevent patient dis­
comfort or injt1ry and to facilitate calheter insertion. 

Element 202 may, in one embodiment, be a composi te of 
10 sol id conductive wires. ror example, it may comprise a helix 

of conductive wires having either a tight wound or an open 
loose wound corillgoration. Element 202 may be a braided 
network of solid wires Lo form a mesh or surface bra.id that 
is on thesurrace of rubb0r eathettr 201 or o!berwLse atlacbecl 

ace crilical structures. 

JS to it with anchoring structures withjn the;: catheter s uch as 
internal loops of a braid or wailles of a helix or wire structure 
lo secure strongly in the proper position on cathelt.>r 201. 
Such s tructures may be ftex[ble for the advantage,s cited 

'Ibe embodiment of PIG. S shows the strucrure 202 ia an 
intraurcthral position. As witb the previously described 30 

embodimcots, t11e beat ablation associated with the suucture 
202 will obliterate and necrose the urethra and periurcthral 
prostatic t.issut: proximate lo the s1ruc1un: 202. Also shown 
on 1he catheter 201 is a second element 300, which in 
various omboclimcots cao be a second heal applicator elc- 35 

meat or 1hcrmal element structure or a temperature se11sor. 
for example, iI lhe region of ablation 230 (the clashed line) 
needs to exlende-d to include a region around the eleclrode 
300, then the output from the generator227 could be applied 
to or through the cleclrocle 300. This illustrates that multiple 40 

healing or power delivery elements can be placed on the 
sa[llc calhetcr structure 201 to grade the si.zc of the nblation 
according 10 cljnical needs. 

Jn one embodiment, eleruent 202 can be an exposed ~
5 

conductive rfog that is connected to a radio frequency (RJ,) 
generalor 227 by electrical connection wires 224 or 234. 
This will cause urt:thral ablarion by RF tissue healing. 
Element 203 is a reference RF eleclrode connected lo the 
generator 227 by cable 231. Element 300 may be another 
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expo~d conductive ring which could also be connected to 
the RF output of generator 227 to enlarge the size of the 
ablation. Electrnd0s 202 and 300 could be connecled io a 
bipolar fashion to generator 227 which would cause the RF 
current 10 How between them ,tnd eliminate the need for a 
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grounding pad or reference electrode as illustrated by ele-
rnenl 203 in FIG. 5. The bipolar electrode configura1iu11 
would tend lo create Rr heating between the electrodes 202 

abovo. 
Tn another embodiment, element 202 may be a resistive 

beating elemenr and thus a source of beat that spreads 10 the 
urctbca and pen-urethral tissue by thelll1a1 conduction in the 
tissue. -nit, analogy could be made to a .soldering iron that 
boats lip when current is passt!d tbco\Jgh ir. Elomc□t 202 
could be a helical coil or resisi-ivc wire, such as nichrome or 
tungsten wire, which has a b.igb resistivity and i~ well suited 
as a resistive bcaling elcmcnl. Tbe resistive wire could be 
wound i11 a tight or ~n open helix around a plastic or rubber 
catheter body 201. The helix could have a length qf scvc1t1l 
mi llimeters or centimeters and diameter o l' several 
millimeters, depending on clinical need~. The resistive wire 
m!ly be part of ring or braided structure bonded 10 the 
surfac<.: of or embedded into tbe wall of catheter 201. Thi~ 
structure may be of a flexib le construction to bend with the 
catheter as it is inserted through the curved path of the 
urethra upon insertiou; thereby providing lhe $lrucrural and 
clinical advantages of safcty a11d functionality cited above, 

AlternaLively, iJ the structure 300 contains temperature 
sensors, tbca the tissue monitor 237 can read out tissue 
tempcralure near I.be structure 300 as an indicntion of 
ablation size. for example, i( the tempera tun! sensor in 300 
reads less tban 50° C., then tbjs would indicate lbat tbc 
ablation zone:: 230 has not reached into the region near lhe 
i;tructure 300. 

lo the exemplary embodiment of FIG. S, the 1.-dtheter 201 
is made from SILASTIC rnbber, as manu.l'actu.red by Dow 
Corning, of Minneapolis, Minn. Its diameter is approxi­
mately 3 to 8 mn1, and its lengtb is in the range of 30 lo 40 and 300; hy rcfcrcoce, see 1be references on RF lesion 

making cited above. 

The element 202 may be ~ me1al annular ring, The ring 
may be comprised of a sheet of solid metal wrapped in ao 
aonu lar structure 1p encircle the catbet<.:r 201. 'l1tis structure 
may completely or partially e11circle or se1,rme11tally encircle 
the catheter 201. 

60 cm. However, other smaller or larger dimensions may suit 
v~ryiog clinical needs. The electrode s tructures 202 and 300 
consist of stainless steel rings that arc bonded to the SfLAS­
TJC substrate or the surface of th.:: catheter 201. 

The annular ring may be solid in the sense of not being 
ltollow or not having cavities within ii. That is, the clement 

Depeadin_g on tbe particular application. the electrode 
65 structures 202 and 300 may be nci11-cooled, non-fluid 

cootainfng, non-hollow, non-cavity containing rings, nng 
segments, plales, wires, fi lms, or shoots. They may he 
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llexible or non-fle11.ible. Tbey may be non-metallic conduc­
tive element;;, The elec:lrode structures 202 and 300 may be 
made from wire structures or braids or conductive film, or 
Hexible p]alin,gs or flexible strucl11res on the surface of the 
catheter 301 or embedded within the walls of the catheter. 5 
The electrode srructures 202 and 300 may be rubhcrized 
Uexible structures imbe!lded with conductive particulate 
mailer sucb as carbon. metal, or olbcr cooduc1jve agents, or 
helixes of wire or sheets. Other materials or platings may 
also be used, inducting but nol limited lo fnconcl, titanium, 10 
or copper plated with gold, lo suit various clioic:al neecls. l11e 
balloon structure and body of the catheter could he similar 

probe, s11ch a$ any one of those descnbed above, intraure­
lbrally into tbe prostate (step 340), as illusln1ted in l~IG. 1, 
for example. The positioning of the tip (e.g., the tip 2 of FIG. 
l or the element 202 of PIG. 5) within the urethra at the 
appropriate positio□ oE urethral obstruc6o□ is then per­
formed (step 350), This step may involve 1bc use of 
ultrasonic, er, MR, or X-ray imaging measuring tbe elec­
trode ·s depth in 1he ure1hra, the use of endoscopic 
visuali7.Afioo, or other positioaing teo.:hniques. In tbe case of 
a balloon catheter, contrast iojec1io11 into tbe balloon or tbc 
blac.lder followed by X-rdy imaging is :wother way of 
positioning th.e R¥ lip in tbc approprial.C posirion. The 
position o( the tip in the urethra relative to the prosfatc ii; 
monitored (step 354). The use of c..1: MR, ultrasound. 
X-r:iys. fluoroscopes, or otbcr imaging devices may be used 
during tbis Step, as fhey aloo may be used in the positioning 

to the Foley catheter mentioned above with an in1latablc 
balloon 210. strajgbt or curved disral tip 214, port 217. an 
injection port 264, and a rnain catheter urinary hub 280. lo 15 
ad<lition, lhe hub or o ther connection 220 for the resistive 
healing, laser, high frequency, or !hernial monitoring cahling step (s1ep 350). 
C30 be adapted Ill suit clinical oeeds. Internal connection 
wires within the body of the ca1he1er 201 connect lo the 
s1ruc111res 202 aod 300, as well as lemperature sensors 10 
withio the catheter al various points inside or extcoding 
outside the catheter walls. 

When the tip is io tbt proper posirion within the prostate, 
the step ol' generating and delivering power lo heat ablate the 
urethra and periurelhral prostate within the operative lield is 
performed (s1cp 357). Tbis can involve elevating the 
voltage, current, or power applied by tbe resistive healing, 
laser, or bigh frequency geacralor. The ge11erntor may bave 
manunl controls sucb as knobs or other elements lo control 

A urological be,al ablalioo catheter, as in FIG. 5, is easily 
inserled inlo tbe urethra and can rema.in in place within the 
patient for sweral days. Oiagnostit· X-rny images can be 
Luken wilh an X-ray imaging machine, as ilfostralecl by the 
X-ray system 285 and the imaging delector 290. Tb.is 
confirms the position of the ring 202 in lhc prostate. lnlrau­
rethral ablatiou is performed when the positio11ing of the 
catheter is aJJpropriate, and can he repeated and enlarged as 
ncccssary according 10 1hc description above. As stated 
above. the catheter can be lcrt in ploce .in the patjenf with fbe 
balloon inflated for Several days after ablation until the 
ablated zone bas fully liquefied. The catheter ba.lloc,n ca11 
lben be deflated. and the catheter removed from tbc uretbra, 
wbcreupon tbc necrotic: fluid from tbc ablalioo zone and the 
nblitcratcd portio□ ofuretbral fissuc will be washed aw;1y by 
tbe urine flow from the bladder Il out the urethral channel. 

One advantage of using a catheter-type ablation probe 
such as the embodiment s hown in FIG. 5 is that minimal 
anesll1csia is oecc.,;sary in inserting the clecfrod(o into the 
11retbra. Such catheter structures a.re familiar lo urologists 
.ind can be inserted info the patient in the supine position 
with case and comfort. A further advantage is that no 
endoscope is needed to insert it into U1e ure tbra or to 
visuafo..e its posilioo in the prostate. II can be used in an 
office settiag-, and not oecllSsarily in a sterile operating room 
environment. thereby making the procedure more widely 
available lo patients by reducing reduces bospilal e-xpenses. 
It is also relatively economical because it has low construc­
tion complex:ity and can thus be used disposably from a 
factory-packaged Sterile pouch. A fortber 11dvamage of lhc 
c:atbeter structure is tbat tbe tburmale lement may be tl.exiWe 
or curvable. This will minimize discomfort, abrasion, 
bleeding. or other darnage nod morbi<lity lo patients wben 
tbc calheter is ioscncd through the penis aad through the 
urethra as it curv~ up into the prostate. Thus, this embodi­
ment bas adv~atages or added safety, conformation to the 
11retbrn, and case-1A-use, A non-rigid catheter aad non-rigid 
lhennal element such as an RF conductive element or a 
resistive heating wire clement or a laser rli ffusing clement 
can be allacbed to the surface of the C3lhcter or embedded 
within the wall of the catherer or integral within the flexible 
rubber slructwe of the catheter. 

Referring now lo FIG. 6, a t1ow chart is shown lo illmarale 
the process of intraurclhral <1blatfon for relief of urinary 
obstruction. The procedure stans by inserting the healing 

35 iLs output levels tbat can be actuated 111 this point. 
Alternatively, tbe process may be automated with a sel 
power or tempt)fature level predetermined oo the generator 
control system and an nutomalic or semi-automatic achieve­
ment of that control parameter reache!l by an appropriate 

30 feedback ~nd control system ~~tbjn tbe genaatoc Tbese 
elements l'OUJd all be bwh into tbe energy source 33, (or 
example, illustrated in rIG, 1, 

The acrua.1 parameters of fbe power delivered to the 
electrode within the uretllra may be rccorde!l and monitored 

_,5 (step 360). Parameters of interest ca1J include the tempera­
ture recorded at tbc tip. tbe tempera I ures recorded at satellite 
electrodes placed in the prostate or i□ tbe nei.gbboring 
operative field, tbe RF power, current, voltnge, impedance, 
and so on. Tbc time o[ _power applicaiion may also bo 

~o monitored at this step and a predetermined set time of 
exposure o( the power to I.he electroc.le may be desirable, 
!lepending on c linical needs, or may depend on the reailing 
of tc.mpt:rntureseosors io. tbe prostate or the proll<! al various 
positions. Koowledge of 1hcse parameters and the geometry 

45 and siw of th~ probe lip assist in guiding the surgeon as to 
the size of the lesion and resultant urethral/prostatic cavity 
that is produced. For example, ii may be known frum clinical 
experience that certatn si7-<: ablal-ions can be induced for 
certain electrode geometry types with a known v3]ue of 

so power, current. or voltage, or alternatively a known tem­
perature as recorded in one or more of the temperature 
monitors. As recprcscared ia FlG. 6, lbcsc parameters may be 
monitored during the ablation process and influence 1he 
decision of the clinician to terminate or contioull the process 

, 5 according lo experience and parameter values. By reference, 
measurement of such parameters is accomplished by lesion 
gencmtor systems of Radionics (Tiurlington, Mass.). 

The adequacy of 1be duration and parameter sets to 
achieve fhe correct heat abla tion in fhe prostate and to reduce 

6TJ urinary obstruction is determined (step 365) . The decision to 
stop 1be procedure when it is believed 1bat lb.~ cavity ~~ 
adequate can oo made in this step. 

In accordance wifh one embodimcnr of fhe present 
ioveotion, tbe clinician may choose a heating probe lip 

65 geometry of a certain size, diameter, length, or other char­
acteristic. The clinician may know from experience that the 
insertion of such a probe inlraurethrally with the probe 
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having a tempera ture sensor aod delivering power to raise 
the tissue temperature so Lhal the tip is elevated lo a certain 
temperature level will produce a known and generally 
adequale ablation cavity. This set or criteria may be used by 
tbe clioiciao to induce sufil.cieot abla1ion sizes lo alleviate 5 
urinary obstruction according 10 the clinical circumstaoces, 

lo accordance with another embod.imeot of the present 
invention. tbc probe may not include a tcmpcrature sensor. 
The correlaLioo of ablation size desired for a given tip 
gc.ometry may be determined by considering paramet~rs 10 
such as power, output, vc;iltage, a.ad current. Gem:rnlly, it cao 
be determined 1hat ablation temperatures of greater than 50° 
C. i.n the prostate tis.sue can he induced. for example, by 
power or current levels greater than known amounts. fn that 
embodiment, these power and current parameters may be 
used by the clinician for a given time of ablatioa exposure 15 

lo alleviate the urinary obslruc..:1-ioa by creating a suliicieot 
inlrnurcthral cavity. ft is understood lhal a range o[ these 
parameters and time exposures, as well as various probe 
geometries, muy be w;ed to gracle the size or the ablation 
cavity according to the experience acquired by clinicians 10 
with lhis technique. 

In accordaace with OIJO embodimcat of the prcsoot 
ioveolion, i( C1~ MR, or otbt:r imaging techniques are useu 
during abhttioo, tbco they may be used to dccidc uo adequate 
ablation size. For example, certain MR images can represent zs 
tberrnal distribution arouod the probe, .tad thus iadicale 1be 
ablation zone. 

FIG. 7 illus1ra1e::; another embodiment of lhe invention, in 
wbich tbe prostate P, the hladder B, and the urctb.ra U are 
shown in partial sectional view. Probe 401 is insectcd into .:,o 
the urctbra U. As in various other disclosed t:mbodimenls, 
the electrode 401 has an insulated portion 405 (shown as 
hatched lines) , Jiowevt:r, an exposed conductive resistive 
healingelemeot. laser diffuser, or tip 407 in lh1s embodiment 
rs asyrometricaUy configured al the end of tbe elongated JS 
probe 401 . For cx:1mple, the distill tip of the probtt may have 
ao insulated or covernd side portioa 408 to preveot tbat 
porti.uo of the patient's uretbra R from being exposed Lo 
beating from tbe geoerntor (001 sbuwn in FIG. 7, but 
il lustrated in FIGS. 1,4, aocl 5). The healing zoae in this ~o 
embodiment Lends 10 lie proidmatc to the exposed tip portion 
407. To illustrate an example ablation zone, a dashed line 
4ll is distributed laterally on a side of the urethra U 
corrcspond,ng to lhc t:Xposed side portion 407 or the tip, The 
exposed side portion 407 may utilize various structures ~s 
and/or shapes 10 suit various clinical uses. such as partial 
cylindrical surfaces. discrete areas of c..:onduc..:tive exposure, 
lines or wires of exposed conductors, heating element, laser 
fibers on lhe electrode 401, and so on. This embodiment cao 
be particularly advantageous whe11 ablation should he so 
directed asymmetrically to a parlicuJar port ion of lhe 
pali1:ot's prostare. 

FIG. 8 illustrates another embodiment of the invention, in 
wbich a cystoscopc 450 is placed io tbe palieots urethra U. 
t\ probe 457 is passed through the cystoscope sbafl 450; it ,s 
bus an insulated portion 460 (sba<led area). Tip 464 emc-rges 
from a distal end 451 or the cystoscope 450. 171e lip 464 
defi.ncs a. relatively sharp point 467, which is capable of 
piercing the urethra wall W. 'T'he tip 464 emerges approxi­
mately frontally from tile cystoscope end 451. and ii can be 60 

visualized fly an optical channel 453 as it pierces tbe wail W, 
In th.is embodiment, coni,ecting the tip 464 10 tbe generator 
(not shown) will ablatively beat the prostate tissue near the 
tip 464. An ablation volume 47l (illustraled by a dasbt:u 
line.) around the tip 464 aod can thereby be plac.ed asym- 65 
metrically on one side of the urethra U to suit various 
cl inical needs. 

20 
Tbe use or i11traurethral heat delivery probes he1ein has 

the advantages of simplicity. economy, control, consistency, 
reproducibility. and patient tolerance compared to other 
techniques aimed at treating RPII or prostate cancer such as 
TURP, TUNA, and otber metbods described above. Io oae 
embodiment of the present system and mctbocl, 1be tip is 
within tbe urethra. ancl dues out pierce the urethrnl wall. As 
described, the heal ablation process using an intraurethral 
electrode according lo the iovealion has the effect of ablating 
the uretbral wall and periuretbral tissue to opeo the cbaom:I 
and to destroy tbe urethra near tJ1e eleclrode. This has 
advantages over other methods and apparatus which seek to 
leave the urethra intact c;ir unnblated, such as TUNA or 
McGahan et al' s procedure cited above. lo one erobodirocnt 
c;if tbe present invention, because I.he tip does oot pierce the 
umthra, tht: risk of hc.morrha.ge is reduced. Furtbermorc, 
with tht: tip within tbe urethra and under direct endoscopic 
-visualizatioo or other imaging control, there is a more exact 
knowledge of the :1blation zone in the central prostate region 
to reduce 1he chance of damaging sensi tive structures. 

Also shown ia FIG. 5, as ao augmentation of the system, 
is an external coolant supply 273 with c-0oling connection(s) 
271. Tbis may supply cooled fluid sucb as salioe to flow 
wi1bin a recirculating c.;hanoel in catbett:r 201 to cool the 
electrode 202. Such cooling capability may or may not be 
i nc luded i□ the balloon catheter depending on dini..:al m:edi;. 

Referring now to PIG. 9, a crossss.:ct iomtl diagram illus­
trates various aslJecls of the distal end of a halloon ablation 
catheter in accordance with the present invention. This 
sectional view, which i,hows only the distal section of a 
catheter embodiment of the present invention, roay 
correspond, for example, to a catheter similar 10 that iJl FIG. 
5 de:;cribcd above. 'lbe catheter body 501 may be made of 
a rubber material such ns silicone. JI may be soft and flexible 
to accommodate tbc delicate urethral ooviroomcnt and tbe 
naturaJ t:urvc.s of the ure1braJ path to the prost:tto. At tbe 
diswl end is tbe inflated ballooo 507, wbicb also is made of 
n thin elastic rubber such as silicone. Tbe bal.loon 507 may 
be secured in a sealed fashion by joints such as Sil lo tbc 
catheter material 50 I. A channel 5 14 inside the catheter 
structure 501 allows ao inflating Ouid such as air or saline LO 
fill the interior of the b~lloon 507. Injcctic;in of the lluid is 
iodica.ted by the arrow 517, wbicb may correspood to the 
inllux of air as produced by the plunger system 260 io FIG, 
5. The channel 514 mav collaect to the int.:rior of tht 
coupling hose 267 that· attaches further to the inflating 
system 260 in FIO. 5. A side window 520 (i.e., port) In !ht: 
wa11 of lhe catheter, but inside the balloon region, allows the 
in-flowing air to iollate the balloon, as indicated by the­
arrow 522. 

At the distal Lip 530 there is a hole in the body of the Lip 
534, wbicb may corrcspood to the bole 217 in FIG. 5. Wbon 
the catheter is inse.rted into tbc urethra and the balloon is 
secured within tbc bladder, as shown in F IG. 5, tben urine 
can Oow ioto the hole, as indicated by the arrow 537. J\n 
internal cb:LOncl 540 is constructed within tbc body 501 of 
the catheter lo allow the llow of the urine back'Wards towards 
the huh end of the catheter structure. For ex!lmple, referring 
to FIG, 5, the chann(;I 54() may be coooected to the proximal 
hub 280 to allow the outflow of urine, as indicated by arrow 
F2. 

A beating element 550 is showo in a location proximal 10 

!be balloon 507. This may be a resistive he~ting clement. for 
example, a metal conductivt: high resistive win:, hel ix. braid, 
ring, or other structure which is bonded or mechanically 
llxed to the catheter rubber structure 501 wilh appropriate 
silicone cement. The length of the heating element 550 is 
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indicated by Lin FIG. 9. It is spaced hy a distance D from 
the proximal portion of the balloon 507. Tbe parameters L 
and D may be specified according to clinical needs and the 
particular anatomy of the patient being treated. For example, 
if it is koowo tbat a larger lesion ,is to be made because of 5 
a longer portion of urclhral ohs lructioo, tbcn the lcnglh L 
could be made longer. The h:ogth ol"tbe beali.og elemeot 550 
may range from one to several millimetNs, aod even as 
much as a ctintimeter, or two, or more. The dislnn<..--e D may 
also be gauged depcniling on how fnr back from the neck of 10 
the prostate the heal ablation is desired to be located. D may 
also be a parameter which i., specified according to clinical 
needs. ror example, balloon catheters may come in various 
model numbers with specillcation of l and D and the 
diameter of the cstbcler body itself according lo clinical 15 
uitcria. 

Heating or thermal element 550 may altemal ively be a 
radiofrequency or high frequency electrode tha1 has a con­
ductive exposure on 1he sudace of catheter 501. Elemeal 
550 may be a 0ex;ble structure such as a wire mesh heli'X, 10 
linear wire structure. conductive film made of plastic and 
embedded with condu<.:livc p,trliculate mailer. carbonized or 
metal embedded silicone rubber or otber plastic clerneols. or 
segmented rings or strips of conductive material al lacbed 10 
I.he sur face oI tbe catheter 501 or embedded, linked, or 25 
stapled withjo a mass of the plastic comprising the catheter 
501. Tn the case of a radiofrequency or microwave electrode, 
ekrnenl 550 may be made of various metal or other con­
ducl ivc matcrfaL5, Alternat ively, clcmeol 550 may be a 
radiofrequency e lcclrode of non-solid or non-uniform metal- 30 
lie con ·truction that is integral with. !he wall of the catheter 
501.; for example a portion of silicone rubhec embedded with 
conduc:tive metal filings or carbon particlt:s 10 make a 
portion of the catheter wall itself conductive without need 
for a separate metal plate, wire, braid, helix, or other solid 35 
metal ring. 

Also sbowo in FIG. 9 are wire electrical connections 544 
and 547. Tbese <.:onoect lo the bell.ler resistiv.: element 550. 
ror example, wires 544 may be wdded or soldered al point 
551 to the resistor 550 . The wires 544 a nd 547 may provide ~o 
the connection lo lhe generator 227 in FIG. 5 (i.e., they arc 
contained in the cable 224). Also, electri<..--al connection 
wire(s) 544 or 547 may be a thcrmal-scnsi11g or impedance­
sensing connection to a point 551 or 557 near or on the 
surface of elcclrodc 550. For ex.ample. t:lemt:nt 557 may 45 
cootaiu a tbenniistor or thennocouple junction, and tbe 
cooncclion cables 547 may be electrical coom:ctioas to a 
thermal sensor (e.g., tissue monitor 237, FIG. 5) thal enables 
readout of the 1empera1ure of prostalic tissue near 550 
during the he.Hing process. TI1e e lectrical connectors 544 so 
and 547, for example, may be directed within the channel 
540 and branched tbrougb tbc rubber wall of tbe ca1bet1;1r at 
its proximal eod to tbe connection 220, as sbowo in FIG. l. 
Connectors 544 may connect to cables 224. and c:onncclors 
547 may connect LO cables 234 and/or 224. It sho LLld be ,s 
undcr.,tood that tbe electrode 550 may consist of several 
segments as d~cussed herein. In this case, several connec­
tors (544/547) may be used to connect to each segment of 
the elcc1rode 550. 

22 
In another embodiment, also illu$Lra ted by FlG. 9, the 

coooectors 544 and 547 could be fiber optic laser Jig ht­
carry!ng elements. They would bring laser light power from 
generator 227 lo a difl.'nser clement 550 in this illustration so 
that the laser power could he 1ransmit1od to the tis.sue 011tsido 
oC tbc probe 501. 

Otber physical techniques to provide beating power lo the 
healing elemeot 550 in order to ablate tbc urethra in ll.CC0t· 
dance with the pre!;Cnl i nvention could be de..<sired by those 
skilled in the a rt. Use o r microwave, magne1ic, 
elcctromagnelie, ullct1$0und, o r other power generators and 
nssocinted connections in the probe are in te nded to be within 
!he scope of tbe ioventioo. 

Referring to FlG. 10, another cmbOdimcol o( o balloon 
catheter with resis1ive beating clement is shown in accor­
dance With the present invention. The catheter tubing 601 is 
flexible. It could be made, for example, from silaslic, 
polyuretham:, or other rna1erials. Balloon 607 is inJlatable by 
inflation port 616, as described above. Catheter lip 610 has 
a drainage hole 6 1 1 which communicates lo bub port 614. 
A thermal beater element 620 is fixed to the ealhctcr aod bas 
lengtb Land is set back by distance D from the balloon 607. 
Healer elcrneol 620 i:omprises a resistive beater wire wbich 
is wound inn. helix on tbe catheter body 601. Tbe beater coll 
is connected by internal conductors 623 and 627 to extt:rnal 
connector cttblcs 630 and 634 to the power supply 638. TI1e 
power supply 638 generates current that runs through the 
coiled wire 620 lo heul it up and ablate the urdhra and 
nearby prostate tissue wbea implanted. Grcaltlr current from 
638 wilJ incrq;;e lbe tempcramn: of heater 620 aod ma.kc a 
larger ablation zooc in 1be prostate. "Jbt:rmal sensors can be 
pla.ccd near the coil 620 io the calheler 10 measure its 
lt:mpcrature, aod lhi~ cao be read out on monitor 641. 
Controls on unit 641 can vury the power from supply 638 10 
vary Lbe ablation size. Suppl y 638 could produce outpul 
from a few Lo several teas or hundreds o r walls. Heater 
1cmpcralurcs of 37° C. to near 100° C. could be a<.:bieved to 
produce ablation zones of a [ew milJimeten, to a few 
centimeters, according to dinical o.ecds. 

Jn an alternate cmbodiroent represented by FIG. IO, 
clement 620 may be an exposed coil of conductive wire tbat 
is connected 10 an RF power geocratc,r 638 lo produce Rr 
heating of 1be periu.n:thral tissue. 

Referring oow to FIG. 11, a llow chart is s bown to 
illustrate I.he process of intra-urethral RP ablation using a 
balloon calbeter for rclief of urinary obstruction. ·tntl pro­
cedure starts by selecting the appropriate balloon catheter 
(Slep 700). This may involve selecring the diameter, length, 
balloon size, ring d imensions and positfons, u~c of multi­
ring balloon catheler, use of catheters with temperature 
sensing, impcclaoco monitoring rings, multiple lcmpernl1Jre 
~cnsors along its longitudinal length, and other spccifica­
lioos or lbe balloon cal bcter, some of wbicb have been 
described ttbove. roe example. by knowledge from diagnos­
tic imaging of the size of !be patie-nt's prostate and the 
position of !be obslruclinn, the appropriate length of Rr 
electrode segment C, ils separation D from the balloon may 
be selected, For Lhi<s purpose, lbc catheters may come 

Current from the generator 227 io FIG. 5 is driven through 
wires 544 and 547 and through resistive element 550, which 
may have a higb resistance compared 10 wires 544 aod 547. 
This element 550 could be a high resistance wire coiled 
around the cathcler body 501 or it could be a wirc segment 
or plate attached lo the wall of 501. It could have a thin 
pl::istfc coating 10 bond well lo 50 I or to prevent s ticking or 
reaction with the urethra. 

60 packaged with particular dimensions of L, D, cathctcr 
diamclec, catbcter length, etc. to suil specific clinical needs 

The next stt:p may be insertion of the catheter into tbc 
urethra (step 704). Insertion of catheters is a common 
technique and can involve uSI: of Foley-type catbt:ters for 

65 urine drainage. During this step, diagnostic imaging sucb as 
ul1rasouncl, CT, MRI, or X-rays may be used to monitor the 
position and depth of the cathclcr. For this purpose, the 
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catheters as shown above may be in part radiopaque or have 
radiopaque markings oo them so Iha! their tip position and 
electrode position can be visualizabk in X-ray, CT, MR, or 
otbcr types of imaging. 

Referring farther ro FTG. U , once ir is determined !bat the 
tip end of the cathctet is properly witbin the patient's 
bladder, the baUoou lip may be inilatcd within rbe patient's 
bladder (step 708 in FfG. ll). 'ibis step may be followed by 
fortber imaging (e.g., ul trasound, CT, MR, flu ro. or X-ray 
diagnostic imaging) to confirm that the:: balloon is properly 
placed. For example. in step 711 of FIG. ll, a radiopaque 
contrast medium (contrast agent) is injected into the bladder 
lbrougb, for example, 1bc bub 280 in FIG. 5 so that it 
emanates Crom tbe port opening 217 in FIG. 5 to produce a 
radiopaquo contrast of the bladder. ln Ibis way, the position 
of tbe balloon within the blndder and against the neck AP in 
FIG. 5 can be confirmed. Alternatively, step 708 may 
involve inflating the ba]Joon with radiopaque c,1ntrast fluid 
for X-rny confirmation. 

The haUoon Olay be secured in its position by applying 
traction or gcolle pu!Jiog (step 714 in FIG. H ) so ibat lbe 
balloon fits snugly against the neck of the prostate and 
bladdcrju11c1fon. Al this point, lbe olcmcnt 202 is at a known 
position relative lo the aeck of 1be blndder. That p<)Sitioa 
may be _pre-se.lected by the dimensioa D, as shown io FIG. 
9 0[ 10. 

At this poial, further X-ray. fluoroscopic, ultrasound, or 
other imaging confinnation may be used lo verify that the 
probe aad tbe ballooa arc ia tbc proper place (step 716). 
When this confim1ation is made, the connections to the 
external generator may be mado as sbowa in FIG. 5, and lbc 
output from tbe generator 227 of FIG. 5 may tboa be 
delivered (st.ip 721). 

As !be heat ablation procoss begins, tbo ablative destnlc­
lion of the urethra and periuretbral tissue will begio and 
increase uc;lC the posit ion of the probe. This p rocess caa be 
moaitored by obscrviag tbe geocrator parameters oa moni­
toring device 240 in FIG . 5 (step 724 or FIG. 11). Various 
orhcr ti.s.suc monitoring such as temperature sensing and 
impedance monitoring at the heating element, probe, or 
ancillary riogs such as 300 iil FIG. 5 may be carried out in 
this step 724. l11c CMtrol of the generator may be done 
manually, automatically, or by computer, as in the control 
unit 228 of PIG. 5 . 

ln step 727 ol' FIG. ll, the clinician determines tbc 
su1lkiency of the heat ablation to produce the desired 
clinical e!Ie.:t o[ reducing urinaiy obstruction. This will be 
bru;ed on bis experience, the visuali7,ation of the ablation 
parameters, and the particular clioicaJ situation. 

To elaborate further on Lhe steps ol' making tbe heat 
ablation, tbc step 72:t of FIG. ll caa iavolvo olevaliag tbe 
voltage, ~urrent, or power 1111plied by the generator. 'J'be 
gcnorator may have manual controls such as knobs oc other 
elements to control its o utput levels 1ba1 can be actuated at 

this poiot.Altcraativcly, tbc process may be automated wilb 
a sel pow.ir or temperature level predetermined on the 
generator control system aad an automttlic or semi­
automatic achievcme.nt or th al gener.ttor control parameter 
reached by an appropriat1.: feedback and control syst"m 
within the generator, These clements can all be built ioto tbe 
energy source 227, for e::xample, ill~strated in FIG. 5. 

'n1e actual para.meters of tbc power delivered 10 the probe 
within the urethra may be rcc.orded and monitored (step 
724). The decision on the adequacy of the duration and 
parameter settings to achieve lhe correct heat ablalfon elJect 
on the prostate- tha I is sufficient to reduce urinary obstruction 
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is determined at step 727 of FIG. ll. The decision to slop the 
proceclt)fe when ii is believed that the cavity is adequate may 
also be made ar thi~ step. 

Rderring to rJG. 12, another embodiment in accordance 
s with tbe present invcalioa comprises a ure thral calbeter 801 

lhal is flexible having thermal clcrncots 802, 803, 804; 805, 
an.cl 806 shown io sequence along its diswl cod. The fusl 
tbcrmal element 806 is spaced a distance D from lhc balloon 
SU. Distance D c:-<10 be presele..:ted or variable 10 suit 

10 c linical aceds.171e scgmente<l thermal elements 802 through 
806 on the flexible catheter substrate produce a llex.ible 
region of thermal clements spanning the length L. 171is is 
convi::nient for insertion of the cathete r in lhe urdhra, since 
tbc urethra bas a signilicaot bend along its course:: toward tbe 

15 prostate. For the pro1cctioo of the urethra, comfort of the 
patient, and minimization of pou:ntial untoward elJeds aad 
injury, flexibili ty of the catbeter may be desired ror catheter 
insertion and manipulation procedurus. ·fne thermal ele­
ments 802 through 806 are connected lo tbe external power 

20 source through connection elements 832. 834, 83 6, 838. and 
840. These may be individual connections including, for 
example, power connections to resistive beating wires, elec­
trical t·oaocctions for high froquc□cy or radioirequeocy 
conductive elements, or coanectioa of laser lines or other 

35 power source lint's depending oa tbe type of thermal ele­
ments 802 rhrougb 806 lbltt is used. 

The catheter 801 includes a distal tip 820 with a bole 825 
for draining urine or inflating lhe bladder with fluid or 
contrast agent. Also shown is a balloon inflation channel 

30 850, and a bladder urainage cbannel 855, wbich may com­
muoicatc with the port 825. 

Referring lo PIG, 13, another embodiment io accordance 
with lhe p resent invention comprises a ure th ral catheter 860 
with balloon structure 867 for anchoring into Lhe bladder or 

JS prostate, and a thermal element or structure 872. Tbermal 
structure 872 may be a braid o[ solid conductive wires that 
bave a portion of surt'aco e;,i:posure oa 1be rubber catboter 
substrate 860. Alteroat ivcly, st ructu re 872 may be a mesh or 
helix of conductive wires which may be partially embedd~d 

40 into the wall or the L~<1theter 860 and p11rlially exposed oa the 
surface o f the catheter 860. A thermal sensor 880 may be in 
proximity to thermal element 872 lo sensor healing effects. 
Internal connections lo the power source arc illustrated, for 
example, by the dJshed l ine 882, and lhermo,sensing con-

45 nection is illustrated by the dashed line 886. Connections of 
the external power source and monitoring system are illus­
trated by the connections 890 aod 895. 'Jbt:rmal element 872 
may also be a network of resistive healing elements which 
may not he c.onductively exposed to the urethra bur ratber be 

so thermally exposed to the tissue to produce conductive heat­
ing out to the urethra.I wall and per[urethral tissues. 

Referring to FIG. t4, a flexib le urethra l catheter in 
accordance with thu present invunlion bas a rubber catheter 
body 901. a balloon structure 905, and a curved tip 911 . The 

,s d istal lip 911 may be curvt:d to facilitate insertioa of the 
ca1be1cr in to the urethra which bas natural curves as 
described above. Convealional L"urved tip baJloon catbeters 
arc commercially ava ilable and referred to as Coudc-tipped 
ca(bcters. Also shown is an array or lhermal 1:: lements 

60 illustrared by th~ curved, ilcxiblc. loogitudjually linear ele­
rncms 920, 925. 927, aod 930. These may be exposed 
1lt:xible metal win: structures which are woven into the w&U 
of rubber catheter 901. fused or glued 10 tbc surface of lbt 
catheter 901, looped through tht catheter wall in a threac!ecl 

65 fashion so as to produce an array of flexib le or conductive 
radiofrequency or microwave thermal elements. They may 
be connected in uni!iCln or connected indiv idually by con-
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nectioo elements illustrated by the dashed line 930 to 
coaaections at the proximal end or the catheter where it is 
connected by connector 935 lo an ex1ernal power source or 
separate mulliple power sources. Individual tbernrn1 sensors 
within the wire structures may be coaaected to aa ex1ernal 
monitoring system by connector 940. The linear thermal 
elements 920 through 930 may vary in their cumber, 
conslructioa, width, nnd length. For example, thermal ele­
ments 920 tbrough 930 may be made of llexib!t:, braided 
stainless steel wire or other forms of metaL They may he 
resistive heating elements which are nm conductively 
exposed to the ti~~ue hut have iolill.l11tive sheets or coating 
over them and which are supplied with beating power from 
ao external current source through the connection 935. The 
them,al elements 920 through 930 m:iy be conductive, linear 
films or sheets that are attached to the surface of catheter 
901. Thermal elements 920 lhrough 930 may be integrated 
with ihe plastic material of 1he catheter 901 itself, such as 
silicone s trips with carbonized or metallic particulate struc­
tu re embedded within it and glued to tbe catheter 901. 

Referring to FIG. 15, an embodiment of the prese111 
invcntioa is showa, iocludiag n flexible cathercr 1001 hav-
ing a series or an array of ring-like or azin1111hal thermal 
elcmt.\nts 1011, 1014, 1017, 1020, 1024, aod 1028 spaced in 
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and extent of thermal ablation in accordance with the present 
invention. 1bc: graphic.-s display 1055 mny have a graphic 
rendering or represen tation of the catheter that is shown al 
a glance in which thermal clements LOU th rough 1028 are 

5 beating or aclivated. It may have control buttons and dis­
plays (001 shown) 10 show power supply 1050 status, power 
output, impedance values oa the elements such as 1011 to 
1028, conacctioa modes (monopo1ar/bipolar) and the like. 

Referring to r!G. 16, a urethral catheter in accordance 
10 with the present invenlioo bas a tlexihle Gatheter structure 

1102 with distal balloon 1107. A second balloon lUO ~ 
proximal to the distal inflation balloon 1107" On tbe surface 
or balloon 1120 arc thermal elements 1130 and 1135. The 
clements 1130 and 1135 may be conductive, exposed elec-

15 trocle sheets, win:s, films, bntids, or flexible materials that 
can be cxpanded with the expansion of balloon 1120 to form 
improved contact of, for example, an RF electrode to the 
urethral wall. The elements 1130 aod 1135 may be spaced 
longitudinally or a-r.in111thally on the balloon to suit clinical 

~0 needs. lne elements 1130 and 1135 may be connected 10 the 
external pc,wcr source by conncclion clements ll40 an ll45. 
The dislal balloon 107 may be in.flated by air or Jiuid cbanmil 
1157 for aocboring wilbin lbe b ladder. Proximal balloon 
1120 may be io0ated by air or fluid channel 1162 Lo providil 

35 jmprovcd contact of the thermal c lement 1130 and 1135 lo 
the- urethral wall or to alter the shape of tbe thermal elemeni 
1130 and 1135. Channel 1165 may provide drainage or 
infusion communicaliou lo lhe bladder tip with ils fluid 

ao array aloog the lcag1h of a scgrneat of tbc catbotcr 1001. 
These ring structures may be, for example, conductive mel/ll 
wire rings or metal annuli that are fixed to, glued to, or 
embedded in the $Url'aceor body of the rubber catheter 1001. 
Each of the rings 101J through 1028 may include a 1cm­
peraturc sem;or. They may be electricully dL~connccted from .:10 

each other, they may be connected in unison to form one 
equipo leOLial surfoce, or tbey roay be coo_oectcd in selectable 
combinations to produce heating panerns around the etc­
menlS to suit the Si7..e of the prostate or the region to be 
heated. Because of their separation and configuration, they 
may provide an extended length of conductive surfaces 
wbicb are tlcxiblo and provide a bending curve in lbe 
location of tbeir pbsition on the catheter to facilitate ioscr­
Lioo of the catheter into the urethra.. 

openiog 1170. 
Referring to FIG. 17, an e mbodiment of the present 

inventioa is illus1rated in sectional view s howing tbc distal 
portion of a flexible catheter having catheter wall structure 
1202. A bladder communication channel 1204 is shown 10 
distal tip hole 1208. Dis tal ballooo 1210 is inflated by a lluid 

.,s or air channel 1215. Withio the walls of the catheter is ,1 

conductive or thermal heating element 1230 which may bl 
symmetrically configured or may be connected to a simiJar 
tbermal element 1240 oo the opposing side or surroundiag 
the catheter. The therm;tl elements 1230 aod 1240 may bl;l 

J\L<;0 sbowo ia L'llG. 15 is a coanection 1040 from tbe 
thermal elements lOJ] through 1028 to a power source 
1050, which may be a high frequency generator, a source of 
resistive heating i.o the case that the thermal clcrnoats arc 
resistive beating elements, a laser power light source, or 
other form of power source. Also connected 10 tbe power 
source 1050 is a graphics display 1055. which has a grnphic 
rupreseotatic.,n 1060 of the catheter stlll.cture 1001. Each of 
the lherrnal elements ,ire also illustrated graphically, as for 
example element 1061 corresponding lo 1he physical ther­
mal e lement 1011 on the catheter. The generator control 
element 1070 may include selective cooooctioo alternatives 

40 mttde of flexible rubber material \Vith embedded, conductive 
particulate mailer. For example, silicone rubher embedded 
with copper, steel, carbon, or other conductive material to 
form a flexible, conductive mass that can Lw bonded at sin 
inierface 1245 and 1247 tO the rubberized catheter material 

~5 1202. Electrical connection from the rubberized, conductiw 
portion 1230 and 1240 may be made by a conductive wire 
element 1250 1ha1 ru.ns, for example, within the wall of the 
catheter 1202. Such an integral composite s tructure may 
provide tbe 0exibility and the electrical CQaducLivity for a 

so thermal clement for safety and convenience of applicat ion in 
the urethra. The thermal element may be an inlegral portion 
of tbc carbctcr wall irsclf. Thus, oae neod oot use a separalo 
metal plate, wire, or ring structure to achieve, for example, 
an R.F coaduc:tive element. 

to connect tbe power source to one, aU or a sequence of the 
thermal elements Wll through 1028. For example, for an 
extended length of poriurothral ablation, :ill of the clements 
may be connected in unison. On the other hand, for a graded ,s 
thermal lc.ision. only the fust two elC"ments 1028 and 1024 
may be connected at the beginning of the treatment proce­
dure. Later. clements 1022, 1017. 1014, and 1011 may be 
added 10 enlarge the lt:ngth of urethral ablation. Altern:,ting 

Forms aad embodiments of the urethral ablatioa system 
aod method are provided iavolving v:1rious probe or elec­
trode designs with and without temperature monitoring, and 
in various probe geometries. However, it should be recog­
nized that other obvious forms may be US<!d. Por example, 

or varying connections in a bipolar or monopolar array of 
clements may be selected by the control 1070. 'TI1is m~y be 
illustrated on the graphics display 1055 as the procedure 
carries on, For example, tempera ture l'l.:adings from tem­
peratu resensors on one or more of the 1bem1al elements may 
be illustrated by \he numerals Tl , T2, TI, T4, TS, or T6 
shown on the graphics display. In this way tbe operator caa 
enlarge, grnde, and/or monitor the progression of the size 

60 various malcriaLs, configurations, and conLrol and display 
l\ystcms can be employed in a l\ystcm or method for per­
forming intra-urethral prostate ablation, with or without the 
capability of cooling the electrode, withoui d~parting from 
the scope of (be invention. Various resistive beating mate-

65 rials and geometries could be devised. Heaters within probe 
lips or c~tbeter rings and applicators can be devised. Various 
types, wavelengths, power ranges or lasers could he devised 
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with various forms and types of laser transmission cables 
3nd emi11er elements at the pmbe tip. 

28 
defining the urethral passage and ablate adjacent pros­
tate tissue 10 form a cavity communicating with tht 
urethral passage. In view o r these considerarioos, as would be apparent by 

persons skilled in lhe art. implemcotalioos aod system 
should he considered broadly and with reference lo the 
claims set fortb. below. 

What i;; claimed is: 

9. The method of daim 8 wherein eoergi.7.ing at least ont 
5 of lhe elecrrocles forms a caviry in the wall aocl adjacent 

prostate tissue having a diameter in the raoge of about 0.3 LO 

5 .:m. 

1. A method of relieving ureth.ni.l obstruc.;tioo io a patient 
huving a urethra, a prostate und 11 bladder, the method 
comprising the steps of: 

providing a catheter inclu_cling : 

10. The method of claim 8 wherein energizing ar least om; 
o l' the electrodes elevates a temJleTature of the wull and 
:tdj:i.c1:nl prostate ti~~ue Lo about 50 10 100° C. 

JO tL The method or claim IO wherein energizing at le:is1 

a plurality of ring electrodes on an external surface of 
one of the electrodes includes eltivaling the temptiralure for 
about six minutes. 

the catheh::r in a Oexihle region o r the catl1eter 
con11gun:d and arranged to subsrantia11y maintain 
flexibility io the region, and 

12. The method of claim 8 wherein energizing at least one 
of tht: electrodes includes connec1ing the electrode to a high 

15 frequency genera tor. 
3n inflatable balloon proxim:11e to a distal t111.d of tht: 

calhtiter wherein the inflatable balloon may be 
inllated by injection of flu id through a port in the 
catheter; 

ioS<:rting tbc catheter ioro the urethra of the patient a 
distance sufficient to provide conlacl between the elec­
trodes and al least a portion of the urethra and lo insert 

13. 'The mc.:thocl o( claim 8 wl1ercin energizing :u least one 
o[ the electrodes includes forming the cavity such !hat the 
urethral passage is enlarged relative to a normal sizc of the 
urethral passage. 

20 14. Thti method of claim 8 wherein energizing at least o ne 
of tbc e lectrodes includes applying lbe high frequency 
energy through at loasl one of tbe elect.rodes to a return 
electrode. tbo b;11looa into tbc bladder of tbc patient; 

intlaliog tlie balloon: 

posi1ioning the electrodes within the urethra of th1: patient 
at a location in the prostate where urethra.I enlargement 

15. lbe method of claim 8 further comprising imaging tbe 
35 electrodes to monitor the position of tbe electrodes. 

is desired; and 

applying 11 high-frequency signal to at least one of lhe 
clcctroclc-s to elevate the tcmpcra1urc to at least 50° C. :-o 
and induce heat ablation of 111 least a portion of the 
urethra wall and at leas1 a portion of periurethral 1issue 

16. The method of claim LS wherein imaging includes 
ultrasonic imaging. 

t7. The method of claim 16 wherein imaging includes 
inserting an ullrasonic scanner transrec1ally. 

18. The method of claim 15 wherein imaging includes CT 
imaging. 

19. The method of claim 15 whcrl!in irnagiag includes 
MR imaging. in the palient, l.bereby inducing ablative reduction of 

1iss1.1e mas. of the 1m:thra and nearby 1issu1; to reduce 
tho urethral obstruction. 

2. The method of claim 1 wbercio applying tbe sigaal 
includes ealarging 1he passageway relative ftl a normal size 

20. "ll1e method of claim 8 further comprising detecting a 
35 lcmpcrature level of tissue surrounding the eleclrodes. 

of the urethral passage. 
3 . Tbe method of claim 1 wherein applying the signal 

includes applying the output through at least one of the 40 

electrodes lo a return electrode. 
4, The method of claim 1 including selecting one ot more 

electrodes Lo be cnergir,ed 10 gr~dc a sii-;e of ablation. 
5. The me1hod of claim 1 wherein applying the signal 

includes energizing the electrodes in a bi-polar confi.gura- ~5 

Lion. 
6. l be method of claim 1 wherein the step or providing 

includes at least one of the plurality of electrodes having a 
length grealer than about 1 cm. 

7 . The method of claim I further comprising thereafter SO 

applying tbc bigb-frequency sigoal lo a sccood electrode of 
the plurality of dectrode~. 

8. A method of treating the urethral pass;1go, c.:omprising: 

placing a distal portion of an elongate member intraure­
tb.ra lly into the urethral passage, a flexible region of tbe ' 5 

disla] portion of the elongate member having a plttrality 
or ring electrodes on an cxterm1l surface of a catheter 
configured and arranged 10 substantially maintain llex-
ibility in the reg.ion. 110d 
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energizing at least one of tbl! electrodes with high fre­

quency energy 1.0 elevate the temperature to at least 50° 
C. and ablate tissue of at least a portion of a wall 

21. The method of claim 8 including selecting ooe or more 
electrodes to be c acrgized 10 gmde a size of ablalioa. 

22. The method of claim 8 wherein energizing at least one 
or the elec;1rodes includes energizing the electrodes in ~ 
bi-polar configuration, 

23. The method of claim 8 wherein the step of providing 
includes at least on~ of the p lurality of etcctrocles h~ving a 
length greater lhnn aoout 1 cm. 

24. The method of claim 8 further comprising thereaf1er 
energizing a second electrodc of tht: plurality of elt:ctroclt:s 
wirb the higb-frequency signal. 

25. A me.Lhocl o f treating the urethral passage, comprising: 
placing a distal portion of an elongate member intraure­

thrally into the urethral passage, a flexible region of the 
dista l porlioa of the elongate member having a pluralily 
of ring elec.;lrodes on an external surface of a catheter 
configured aad arranged to substantially maintai□ flox­
ibility in lbc region, cacb electrode being a non-coolod 
dectrodi;, and 

tnergizing at least one of the electrodes with high fre­
quc-ncy energy 10 i;Jevate the tempt'tttture to at least 50° 
C. and ablate I issue of al least a portion of a wall 
defining the urethral passage a.ad ablate adjacent pros­
tate tissue to form a cavity communicating with the 
urethral passage. 




